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Have always conſidered 'the De- 
[1 ſcription of Sun-Dzals as one of 
= the moſt ingenious and uſeful In» 
venitions derived from the Study of the 
Mathematicks. Alſo there is nothing 
that draws more Admiration from all 
Men , than to ice Strait-lines drawn on 
a Plane at Unequal Diſtances, to 
meaſure exactly the equal Diviſions of 
the time of the Continuance of a Day : 
and altho the Suy appears in different 
places of Heaven according to the diffe- 
rent Seaſons of the Year , . yet the ſame 
Strait-lines do ſtill determine the fame 
hour at all theſe different Seaſons. 

But theſe Hour-lines have nothing in 
them that deſeryes to be conſidered, if 
we compare them to thoſe which trace 
forth the way which the Jun makes in 
his Diſtances from the Equinocial 
Line , which queſtionleſs have given 
place to the more. profound Meditati- 

EC - fxtions 


The Preface: 
tions of the Sef7:0x5s of a Cove ; which 
at this day is the moft conſiderable part ' 
of our Speculative Geometry. J 

I might eaſily demonſtrate that we | 
are beholding to Sur-Dzals for the dif- | 


covery of thoſe admirable Curve Lines | ' 
whereof we find very great uſe in all 
parts of the Mathematichs ; tor we | ' 
cannot conſider the Shadow of- the end | 
of any body pointed on a Plane, with- | © 
out perceiving at the ſame time the | 
Curvature which the way of the Sur | 
traces forth ; which is moſt like to that | * 
of the SefF;on of an upright Cone which | 
hath a Circle parallel to the Equinoti- | . 
al for its Baſe , on which we may ſup- | : 
poſe the' $4 moves then when he F 
makes that Shadow. Fa 
But altho the Properties of theſe T 
Curve Lines ſerves as a Foundation for | *' 
the moſt part of the Deſcriptions of D:- = 
als , yet in this Work I do not intend - 
ro explain any thing thereof in particus- ! .. 


lar, for that would be to depart too | - 
much from my Subjed. | = 
Seeing alſo that divers other knows be 


ing Geometers have largely treated 
there- | 


; 
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: thereof, it ſeems to me that it will be 
very uſeleſs to re-ſearch into the time of 
; the moſt ancient Antiquity, and who 
was the Inventer of thys Art ; We may 
! only believe very likely that it was per- 
| fected by little andlittle , and that the 


firſt Men ſeeing the neceſlity which 
they had to divide the continuance of a 
day into divers parts, judged that it 
could not be better done than by the 
ſame Sun which limirs the continuance 


| thereof. 


We may alſo be very eaſily perſwad- 


ed that the Meridian Line hath been 


the firſt which they have drawn, as 


| well becauſe that it divides the apparent 
| day., which is the time during which 


we may ſee the Sur,into two equal parts, 
and that the Shadow of a Strait-line 
raiſed perpendicularly . upon an Hort- 
zontal Plane, was always extended a- 


| long this Meridian Line when the top of 
'1t meets withit, although it be in dif- 
ferent places ; ſo that it ſerves us to 
| know the greateſt height of the Sux a- 


bove the Horizon every day, the which 
changes during the time of half a Year, 


A3 it 
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The Preface. | 
it ſeemed to them one of the moſt con- 

ſiderable Phenomena's of the Sur. ; 
The moſt part of theAncients divided \ 
the ſpace of time ( which is from the | 


riſing to the going down of the Sun ) 
into twelve equal paris, which on 


called Hours, and they began their Az | 


count from Sun riſing ; and although | 


, the Hours changed their length during | 


the half year to thoſe which did not | 

Inhabit under the EqninoQtial Line, | 
where the apparent days are always e- | | 
qual to one another, therefore they | ' 
have always Mid-day at the Sixth Hour: | 
but theſe ſorts of Hours have no Cir- | *! 
cles of the Sphere that repreſent them. | | 
- The Babyhonians began the day at| | 
the Sun Riſing , and divided the Dura-} 
tion intro 24 equal Hours: The [tal:ans| < 
began it at Sun Setting , and madeal-| 
ſo their Hours equal : Theſe two man- 
ners of beginning the day have the! | 
Horizon for their term ; the firſt did al-| ! 
ways know how long time they had} * 
from the Sun Riſing above the Horizon,| < 
and the others did always know that 


which remains tothe Sun Setting. 
The} 
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The Preface. 
The Aſtronomers and the greateſt 
part of the Nations of Ezrope begin 


/ their Day when the Sun comes to the 


Meridian,theſe laſt when the Sun comes 
to the Meridian under the Horizon ; 
and the firſt when the Sun comes to 
the Meridian above the Horizon ; 
this manner of beginning the day has 
great advantages beyond other. 

I undertake in this Work only 
the Deſcription of the Aſtronomick 
Hours, which have. for their Term 


|| the Meridian , and of the T[tali- 


| 
| 


| ans and Babylonians that begin from 
' <the Horizon. In the Conſtruction of 
/ theſe ſorts of Dials there are two 


principal Operations which we may 
conſider each in particular , which has 
obliged me to divide this Treatiſe in- 
to Two Parts. 

In rhe Firſt Part, after I haye ex- 
plained as brief as 1 can , that which 
1s neceſſary to be known for the 
right underſtanding of the Conftru- 
Qion of Sun Dzals , in which I give 
the definition with that of all its 
parts : I propoſe following divers 
; A 4 Mannexys 
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Manners and Practices, to draw their 
principal Line, with the - Points which 


are neceſfary for the. deſcription of ! 


the Hour Lines, to the intent that 
we may ſerve our ſelves with thoſe 
which are ' moſt fit in the different 
Rencontres of the Planes propoſed. 
'* Each of theſe Practices have ad- 
vantages in particular Caſes'; I ob- 
ſerve by which we may ſerve our 
ſelves very near following the Expoſi- 
tion of the Plane propoſed, to the 
| Intent that thoſe that have not ſuffi- 
cient knowledge of the different Ren- 
contres of Planes with the Circles 
of the Sphere, may not give them- 
ſelves the trouble to follow a Method 
from which they cannot draw a great 
advantage. 

In all theſe PraQtices: which I pro- 
poſe, I make no uſe of the Magnetti- 
cal Needle, for there happens great 


change to the Variation of the Magne- * 
tical Needle ; beſides we are not aſſured ! 
that 'there is no Iron hid, or ſome. | 
Stone or Brick. which: 1s of the Nature | 


of Iron, which may turn aſide the 


Needle 
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The Preface. 
1 Needle from its true DireQtion towards 
| the place whither it would go if ir 
; were free. 
: | Alfo I approve not that Method 
! which many do praQtice to find the 
; } Declination ofa Plane, that is to ſay , 
! the Angle which the Meridian Line 
| makes on a Horizontal Plane with the 
\ | Horizontal Line, which is the meetin 
| | of the Plane oftheDza/ with thatPlane - 
| they draw on a Plane fer Parallel to 
_ * the Horizon ( the which we call a Le- 
| vel Plane) a Meridian Line following 
| one of the Practices, which may be 
| ſeen hereafter; and when the Sun 
: | marks Mid- day on that Horizontal 
Plane, they mark a Point of Shadow 
; on the propoſed Plane ; bur you muſt 
obſerve that the Errors that one com- 
! mits in all the Operations , as well in 
the placing of the Plane level , as in 
| the determination of the Meridian, are 
| multiplied and increaſed in tranſport- 
ing them to another P/ane. 

For the ſame Reaſons we ought al. 
ſo to reject all ſorts of Inſtruments, un- 
leſs they be very plain and very large: 
There- 


CSE ASE 


Gr on, . 
CC OI > 


the Second Part , wherein 1 


T, J - olds 


| Therefore have thought good to uſes 
the Ruler and Compaſs, the: 
Plomb Line and the Level, and ro! 


only 


draw the Lines and Circles only has * 


the given Plane. 
Altho we may determine the lengeh/ 


of the Lines, and alſo the moſt part” 


of the Angles by Calculation of Sphe-: 
rical and Strait-lin'd Triangles , which. 
. ſerves for the «rawing 


of Dazals , 
Yet I have thought good that I 
ought not to propoſe any ( of thoſe! 
ways ) in this ſmall Treatiſe , 


Calculations are much longer than» 
the Practice, and they are founded but : 
upon the ſame Angles, and the ſame! 
Lines which I have uſed in the Pra- | 
Qice ; ſo that rhoſe that can uſe Cal. | 
culation » ſhall find no great diffi-| 
culty to apply them to Numbers and | 
Sines, where I only propoſe Lines | | 
and Angles. 

After | haye taught to Draw the | 
Principal Line of Dzals, I proceedto | 
| ſhew to 
draw | 


be. 
cauſe that the moſt part of thoſe! 
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Yraw the Aſtronomical Hour Lines, 


ol and then to deſcribe rhe Parallels of 


h/ 
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O*the Signs. 


ny 


[ propound no particular Confiru- 
{&ion on the Horizontal and Vertical 
| Planes, which only gives particular 


"Rules for each Caſe, rhe which in 
| the ordinary way happens very ſel- 
' dom: Therefore the Methods thar I 


teach are for all ſorts of Planes indiffe- 
rently conſidered. I know well that 


' there are divers Caſes where we 


might find Abridgments, but theſe 


' Abridgments conſiſts only in certain 
' Lines and Points which come to be 


united in the general Practices which 
I give: Allo it is to be obſerved that 
the Portions of Curve Lines thar I 
deſcribe, are always Conick Sections, 
that is to ſay, either Ellipſes, Hyper- 
boles , or Paraboles , and ſometimes 
Circles, when the Plane is perpendicu- 
lar to the Axis of the Cone, the which 
is always an upright Cone. 

The moſt part of the PraQtice that 
I teach being founded on the Declina- 
tion of the Sun, I give you a Ta- 
ble 
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ble thereof. Calculated for the days} 
of Four Years following one ano-y 
ther , to the end to comprehend the 
Bigextile or Leap Year ; I there al-! 
ſo add the Differences of the De- * 
clinations for every day, with a Table | 
of Latitudes of the Principal Cities | 
of the World. | 
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| The Preface. 
| Hap. I. Fig, x. Of the Circles of the Sphere 
meceſſary ro be known for the drawing of 
” SunDaalb. oi 
- || Chap: II. Of the definition of Sun Dials , avdthe 
S op. parts which ſerves for their Conſtru- 
:. ion. 
; _— Il. Fig. 2. To mark the Points of Shas. 


- 
Ls 


- Chap.IV. Todraw the Horizontal Line. | 
2. Chap. V. Fig. 4. To Draw the Subſtylar Line, 
| Two Points of Shadow being given in a cer- 
” TtainConditios. | 
b To place the Center and draw the Equinofial 
* Line, the Declination of the Sun and one Tratt 
! of the Shadow being given. — | 
2? Chap. VI. Fig. 5.. To place the Subſtylar Line , 
' the Equinotlial Line , and the Center of the 
/ Dial, @ndto determine the Poſition of the 
' Two Points of Shadow, what you will being given 
' with the Declination of the Sun at the time f 
> _ Obſervation of the Points of Shadow. » 
; Chap. VII. Fig. 6. To place the Subſtylar Line , 
' the Center of the Dial and Equinoctal Line, 
one only Point of Shadow being given., with 
' The Declination of the Sun and the Altitude of 
| whe Pole abovethe Horizon, 
, | Chap. 


% 
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Chap. VIII. Fig. 7, 8. Tofind the Center of the BC] 
+ Dial, the Subſtylar Line and the Equinodtial ©; 
Line, one only Point of Shadow being given , | 
and the ſhorteſt Shadow. 3 
Chap. IX. Fig. 9. To find the Center of the Dial, } 
and to draw the Subjtyle and Equinetttal. a 
Two Points of Shadow being given , with the De- 
clination of the Sun at the time when you 
marked the Points of Shadow. 0, 
Chap.X. Fig. 10,1 1.70 find the Center of theDial, | 
and to draw the Subſtylar and Equinoiat "Ct 
Lines. Two Points of Shadow, what you 
pleaſe being given , with the Declination of the 
Sun at the time of taking the Points of Sha- Cl 
dow. . (- 
Chap. XI. Fig. 12; To find the Center of the 
Dial , and draw the EquinoGtial Line, the | 
Subſtylar being drawn , and one Point of Sha- |} . 
dow being given, with the Declination of © 
the Sun. | | | 
And to draw the EquinoTial Line, the Center of & ; 
the Dial being placed. 
And to find the Center of the Dial, the Equino- 
cal being drawn, 


Chap. XII. Fig. 13. To draw the EquinoGial | 

and Subſtylar Lines, and tofind the Center of Of 
_ the Dial. 8 
Two Points of Shadow ,; what you pleaſe being | 

given, with the Declimation of the Sun. 


p 1% 4 
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The Contents. 
e Chap, XIII. Fig. 14. To find the Points of the 
1 gy: 5 of Six and of Mid- day upon the Equine 
: GGial, and to draw the Meridian Line. 

The Equinotial and Horizontal Lines being 
i olacd. 
'K bags XIV. Fig. 15. To draw the Meridian, 
-' and to find the Point of the Line of Six Hours on 
6 rhe Horizontal Line. 

: One only Point of Shadow being given , the height 
of x 


q | e Pole and the Declination of the Sun. 
| "Chap. XV. Fig. 16. To draw the Meridian Line, 
t Two Points of Shadow being given, in a certain 
>. Condition. 
Chap. XVI. Fig. I7. To place the Center of the 
- Dal, or to determme the Inclination of the Axis 
| with the Meridian, to draw the Subſtyler aud 
| Equinodial, the Meridian being poſited, and the 
-Þ Altitude of the Pole being gruen. | 
*Chap. XVII. Fig. 18. Remarks and Prattices for 
'* many Abridgements in the Operations of the 
' ©: fore-going Chapters. 


The Second Part. 


. | The Preface. 
Of the choice we ought to make of the Operations 
: 80 draw the Subſtylar, Equinottial gi Meridi- 
an Lines; and to plzce the Center of the Dial, 
OE the Expoſitions of the propoſed Super- 
cies. 
_— I. Fig. 21. To Mark the Points of the Aſtro- 
* momick or French Hours on. the Equino@ial 
; Line, 


TIE ad ated 
- 


| — The Contents. © 
Line,and by theſe Points to draw the Hour Line: 
Chap. II. Fig- 22. To Mark upon the Horizonta 
Line the Points of the Aſftronomick and Frenc, 
Hours. | 
And to draw the Hour Lines by thoſe Points, 
Chap. IIL Fig. 23. Six Intervals of Hours follow. 
ing ene another being given , to draw all th 
other Hours. | | 
Chap.IV. Fig. 24. To draw the Arches of the Signs 
Chap. V. Fig. 25. The EquinoGial being given 
draw a Parallelto it by a Point given upon -at 
Hour Line. - - 
Chap. VI. Fig. 2.6. To draw the Italian and Babi- 
lonian Hours upon an Horizontal Surface. 
Chap. VII. Fig. 28, 29. To draw the Italian ani 
Babilonian Hours on a Surface , which © no 


_- Horizontal. 


Chap. VIII Fig. 2.8. 7 continue the Deſcription of 
_ Italian and Babilenian Hours, when the Pa: 
. rallel or EquinoGtial # not on the Surface, 
Chap. IX. Fig. 30, 31. Four Afronomick Hour-. 
Lines following one another being given, with 
the Equinottial Line. 


To find the other Hours, _. 
Ch3p.X. Fig. 32. A Drawn Dial being given, to 


nd the foot of the Style which did ſerve to draw 
the Dial, and to determine the length thereof, 

Chap. XI. Fig. 32, 34. To place the Axis. 

Chap. XII. To Draw Refie& ing Dials; To 

Chap. XIII. Of the Uſe of the Table of the Suns 

Declination , and of the Difference of Meridi- 

ans of divers conſiderable Towns in reſpect of 

GN Q- 


Paris. 


[2] 
GNOMONICQUYES, 

4 OR 

The ART of DRAWING 


SUN-DIALS 


On all Sorts of 


PLANES. 


| THE FIRST PART. 


CHAP. L 


Of tbe Circles of the Sphere neceſſary 
fo be known for the Drawing of 
SUN-DIALS, 


"THE Sphereis an Inſtrument whereby we 
| explain the Daily Motion of the Celefs- 
3 M. &#l Bodies, according as they appear to us 
to move always from Eaſt tro Weſt , and 
alſo the proper 24otion of the Sun , which moves 
B | from 


[2 } 


from Weſt toward the Eaſt, and makes his Revolu- F 
129 thro the Twelve Celeſtial Signs in the ſpace of Zo 


one year. 


This Inſfrument 1s compoſed of divers Circles, | 


otwhich we only deſcribe thoſe that belong to our 
preſent Subje# : Thoſe Circles whoſe Planes paſs 


thro the Center of the Earth, are called Great Cir- 11 


cks of the Sphere, and all the other are Leſs 


But before we ſpeak of theſe Circles,. we ought F: 
to. cortlider the Axzs of the Sphere, which we cone © 
ce've to be as aftrait line about which the Inſlru- | 
 27e7t 1s turned, 'The two Ends of the 4x# are © 
- called Poles, the one North and the other + 


South, 


|  TheEarth is placed in the middle of this 1»- | 
| frrument , and conſequently the Ax paſſes thro. | 
|. the Center thereof. © We may underſtand” from {4 
Aſtronomical Obſervations that the Globe of the | 
_ FEgrih. is ſo little , in reſpe& to its diſtance from | 
the Sun , fo that we may conſider it as a Point , if : 


we compare it to that diſtance. 


The EquinoGial-or Equator is a Great Circle, * 
and gne of the chiefelt of the Sphere, the Plane © 
whereof is at Right-angles to the Ax, it divides © 
the Sphere into two equal parts ,- whereof one is # 


ealled Seprentrional, and the other Meridional. 


Figs. 1. The Ecliptick is another Great Circle © 


® 11 


vs 


gre 


whole Plane makes an angle with the Plane of the | 


Equino&ial of 2.3 degrees 30 minutes , , the Sun | 
moves under this Circle , going fromthe; Weſt to- | 


ward the Eaſt, and makes one.intire Revolution 
by 


E3 1 


| in 265 days and near 6 hours. The Inclination - 
| of this Circle to the Equine&ial , cauſes. the diffe- 
rent Declinations of the Sun in regard to the Equi- 
Jnodial ; it is divided into Twelve equal parts, 
which are called Signs: And we begin from the 
8 Interſection thereof with the Equino&al, proceed- 
Jing towards the North. The Names of the 
| | Os Signs are Aries, Taurms, Gemini, Can- 
#cer , Leo, Virgo, Libra, Scorpio . Segittarins , 
| Copricornte Aquarites, Piſces. Their Chants 
are Y,, to Mya SO, ots W,z,m, T, Y, 
[37 Xe 
The Trepicks are two Circles' parallel to the 
Equinoftial , which touches the Ecliptick in the 
Lo of its oreatell diſtance trom the KEqumottal ; 
Ztherefore theſe Circles are diſtant from the Equi- 
420&1al 2.3 deg. 30 min. on one ſide toward the 
ENorth , and on the other ſide toward the Scarh. 
So thatitis manifeſt , That-when the Su isin 
*the common InerſeQion of the Ecliprick and E- 
#quator , the Motion of the Sphere abour its Axz, 
zwhich 'goes from Eaf# to Weſt, and 1s called the 
"Motion of the Primum Mobile , makes him ap- 
Zpear to us in the Equino@1al ; and alſo when he 1s 
£n his greateſt diſtance from the Equinetial , the 
Fame Motion of the Primum Mobile makes him to 
Zappear to us to move in the Tropicks. 
S The Zenithis an imaginary Point in the Sphere, 
marked by a ſtrait Line coming from the Center 
tof the Earth, and paſſing by ſome place of the 
Superficies thereof. This Lineis called the Yerti- 
al Line of that place. B 2 The 


: [ 4 ] 

The Horizon is a Great Circle, whofe Plane 
cuts the Pertical Line at Right-angles. The 
Horizonof a Place diſtinguiſhes the viſible part of 
Heaven of that Place, from that part of Heaven 
which is not there ſeen. 

The Meridian is a Great Circle which paſſes 
thro the Poles and Zenith , the Plane whereof is 
at Right-angles with the Planes of the EquinoGial 
and Horizon. When the Sun comes to this Cir- 
cle, he 1s in the middle of his apparent Courte du- 
ring a day, and 1s at his greateſt height above the 
Horizon , becauſe this Curcle paſſes thro the Ze- 
with and Poles. 

If we ſuppoſe the Equino#ial to be divided in- 
ro 24 cqual parts, beginning from the Meridian, 
the 6th and 1 8th part ſhall fall on the Interſect:- 
ons of the Horizon and Equino#ial , becauſe the 
Meridian and Heriz,on are at Right-angles to one 
another ;. and if we imagine other Circles like the 
Meridian , that is to ſay. , that paſs thro the Poles 
of the World and Point of Diviſion of the Equi- 
nottal, thoſe Circles which we call Meridians , 
ſhall be the Hour Circles, among which 15the Ae. 
7:4ian of the Place, whereof all the Planes inter- 
ſect one another in the Axx, We may alſo con- 
cave others, which divide cach part into two or 
four , to mark the half-hours and quarter-hours ; 
for it we ſuppoſe theſe Circles-to be fix*d , then 
when the Primum Mobile turns the Sun with his 
 Ecliptickabout the Ax, thetime of his apparent 
| . Courſe ſhall be divided into hours, halves , and 
- quarters, by theſe Meridians. HC... 


TT 
Z Alfowe number the Declination of rhe Sun up-= 
Yon the like Meridians , which do all interſect the 
RFqnino#ial at Right Angles , which we make to 
Hpaſs thro the Center of the Sun in the Eciiprick : 
We number this Declination from the Equinoftial 
Ztowards the Po/es: Therefore it is either Sourh or 
B North: TheAngles of Declination are meaſured by 
LArches of Circles. _- 

7 Thoſe Circles that paſs by the Pertical Line 
tare called Vertical Circles Cor Azimuth) and their 
Planes are perpendicular to the Plane of the Ho- 
iz0n; they ſerve to meaſure the haight of the 
{Sun above the Horizon, which is numbred from 
rhe Horizos toward the Zenith; 

” Iris manifeſt from that which has been ſaid be- 
®fore, that there are infinite Horizons and Meridian, 
Zand that there are only theſe two great Circles, 
zwhich' may change according to the. diferent 
© places on: the Earth, for they are eſtabliſhed by 
© the Vertical Line. 

* The Amplitude of Riſing or Setting is caunted 
on the Horizon, beginning from the Points where 
2 the Equino#ial cuts the Horizon, and is numbred 
® toward: the South or North. 4 

Z Tf we concerve that in the Revolution of one 
day the Horizon moves, as being faſtened to the 
3 4x3, ſoas1t cannot change its Inclination, then 
Z when it ſhall paſs by the 2.4. equal Diviſiens of the 
= EqumoGial, it ſhall repreſentthe 24, Circles of the 
= italian or Babylonian Hours, 


B 3 CHAP, 


[6] 


CHAP. II. 


Of the Definition of Sun-Dials , and 
of the principal parts which ler Veop_ 
for 4 heir Conſtruttion. 


He Diſtance from the Center of the Earth rol 

the Swperficies thereof not. being conſidera} 
ble, in reſpeR of the Diſtance of the Earth from 
the Sun, we-may take any Poimt on the Superficies| 
and conſider it as its Cexrer in relation to the Mo- L 
tion of the Su. 4 


Therefore, if we place a Style which 1sa Pointed | 


Rod upon any Plain Surface , and then conſider} 
the Point of that Style as the Center of the Earth} 
the InterſeRions of that Surface with the Planes off 
the Hoar Circles, of the Equinodial or Equator ,| 
of the Horizon and of the other great Czrcles, ſhalll 


be ſtrait Lines, which retain the Names of the | 


Planes of the Circles from whence they were pro-} 
duced : All theſe Lines on that Plane Surface wit ; 
the Style makes a Swn-Dial. 


bh a” 


\ . The Shadow of the Point of the Style, which 
35 one of the Points of the Axi ſhews the Hours. 
And if the Ax which paſſes by the Point of 
that Style meers with the E lane of the Dial in 
any Pont, that Pont 1 is called the Center of = 
Dia 
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Dial; for it 1s evident that all the Howr Lines 
F$ſhall meetin that Poznt. 

Z Tis alſo evident that the Shadow of the top of 
©the Style gives the Hours , and ſhews when the 
$2 meets with any one of the. Circles of the 
© Sphere; for when the Sun comes to a great Cir- 
Ecle, the Shadow of the Axx is extended in the 
®Plane of that Ciycle, if that Circle paſſes by the 
4:Ax ; and if it paſſes not by the Aaz, the ſha- 
Idow of the Point of the Style ſhall be in the Plane 
Fof that Circle; for the Planes of great Crc/es 
3 paſs by the Pornt of the Style, | 
5 Andif we conceive a Conical Superficies which 
has for irs Baſe a leſs Circle of the Sphere, and 
for its Vertex the Point of the Style , that Conical 

ASwperficies ſhall meet the Surface of the Dial in a 
ZCurve Line ; ſo as when the Center of the Sun 
#fhall touch thar leſs Circle which is the Baſe of 
Zthe Conrcal Supetficies , the Shadow of the Point 
Fof the Style ſhall touch the Curve Line which is 
Zrhe meeting of that Carve Superficies with the 
3Plane of the Dial: for the Point of the Style is on 
Zthat Superficies wheteof it is the Vertex, 

3 The Foot of the Style is that Point on the 
Plane of the Dial, which is the meeting of a 
Zftrait Line drawn perpendicularly to that Plane , 
2 and which paſles by the Point of the Szyle. 

2? Itthe Plane of the Dial be conſidered as the 
Plane of the Horizon of any place, the ſtrait Line 
$ that paſſes by the Point of the Sryle and by its 

Foot, ſhall be the Vertical Line of that Place : 
B 4. and 


TS] 
and the Playe that paſſes by that Vertical and by 
the Ax, ſhall be the proper Meridian of that 
Place, conſidered as the Horizontal of a Place. 

The meeting of the Aderidian and Surface of 
the Dial is called the Subſylar Line , or the Me- 
ridian of the Plane or Surface of the Dial, which 
we ought to diſtinguiſh from the Meridian of 
the Place , which is the meeting of the Meridian 
proper to. that Place and. of the Surface of the 
Dial, atleaſt if they be not coincident , which” 
happens when the Dzal does nor decline from the 
Eaſt or Weſt. 

We ſee by the poſition of theſe Lines that. 
the Subſtylar Line is always at Right Angles with 
the Equinettial Line. i 

We ought to make the Dial fo as the Foot of 
the Style be not incumbred , for that Pomt. ſerves: 
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for many Operations ; therefore the Style muſt be}! 


 Planteda little obliquely upon the Surface. i 
I underſtand by the length or height of the}! 
Style the ſtrait Line drawn from, the Poijut to the?! | 
foot thereof, ; 

| The Arches of the Signs on the Surface of the}! , 
Dlal, are the Deſcriptions of the Parallels tothe F 
Equinoftsal,, which paſs thro the x 2 equal Diviſi- 
ons of the Ecliptick Line, which ſhew the begin” 
ning of the Signs. | _ 
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CHAP. IL 
* To Mark the Points of Shadow. 


ifs Ne T He Practices Which are taught ut this 
Treatiſe, being founded on the 
Points of Shadow of the Point of the Style to be 
Fvery ſmall, it is very neceflary to mark them 
Frefy exactly ; but it is very difficult becauſe of 
the Penumyra : Sec here two ways by which it 
may. be done. | 
= The firſt is to fit a ſmall round Plate to the 
& Point of the Style, which may be parallel ta the 
Plane of the Dial, whereof the Center may be 
Jjoyned to the Point of the-S:yle ; then having 
drawnthe Shadow of the ſaid Plate onthe Plane 
of the Dal, take the middle of that Shadow, 
YZ which ſhall be the Shadow of the end of the 
= Style at the ſame time whey we obſerved the 
Shadow of the Plate. 
The Second way is to make a ſmall round 
& holein a little piece of Paſt-board or thin Plate, 
or other like body , and baving appheait to the 
MF cnd of the Style, ſo as the Center of the Hole 
© may ' be joined to the Point of the Style, and that 
the ſmall Plate may regard the Sun perpendicu- 
larly ; the light of the Sun ſhining —_— 
Ole * 


to ] 7 
Hole ſhall mark aclear Circle or Oval DE in th 
Shadow of the Plate on the Plane of the Dia. 
which we draw on the ſaid Plane;and if it be an Q' 
val, having drawn a ſtraitLine DPE from tbePoin; 
P, which is the foot of the Style , whereof S i 
the Point, which may paſs thro the Center of that 
Oval and cut it in D and E, or draw DG an 
EF parallel to one another, and making an 
Angle with DE, DG being made equal to DS, 
and EF equalto ES, 'the Line G-F ſhall cu 
DE in the Point A, which ſhall be the Shadow 
of the Point of the Style $, at that time when 
the Oval was drawn : Bur we may take the Center 
of the Oval for the Point A, without falling in. 
to any ſenſible Error , as we may ſee by this O- 
peration. 

But if the Shadow be a Cucle , the Center of 
that Circle ſhall be the Shadow of the Point of 
the Style. : | 

' Here Note , That we ought to make the Hole 
as ſmall as 1s poſſible, for ſo the Operation ſhall 
be more exact: Iris ſufficient that we may ſee 
diftinctly the Figure of the Light inthe Shadow 
of the ſmall Plate. 


ay 
s 
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CHAP. IV. 


To Draw the Horizontal Line. 


Style the Point whereof is S, being planted 
upon the Plane of the Dial, we apply a 
Rule AS, ſo as ene of the Edges hs AS 
Fray be level , touching the Point of the Style, 
3 ind that the end of that Edge of the Ruler may 

FRouch the Plane of the Dzal at the Point A, 

which ſhall be one of the Points of the Horizontal 

Line. 

By the Point A draw a level Line on the Plane 
ff *@ Dial, which fhall be the Horizontal 
IN. 

Thereare ſo many ways to ſet a Ruler level, . 
Bhat 1 will preſcribe none in particular. 


Mz 

IY 

be 
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' Circle AB, and when the Shadow of the Point 
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CHAP. V. 


To find the Subſtylar Line, to 
Points of Shadow 4ezyg given is 4 

_ certain condition. i 

To find the Center and draw the Equi-! 
.nocial Line, ihe Declhination off 
the Sun, and one Trait of Shadow! 
being given. : 


Fig.'4. Ecrthere be a Style,the Point whereof iu 

S, and Þ the Foot, having marked. the} 
Point A, which let be the Shadow of the Point 
S,, on the Plane of the Dial; onthe Point P ag 
a Center, and atthe Diftance P A, deſcribe the 


S. comesagain. te the Circle A B on the {ame day,ll- 
at the Point B we mark that Point. "Then dra 
the Line AB, and divide it inte two equal part 
inD., the firaitLineP D, ſball be the Sub/eylari 
Line , which ought to. be at Right Angles to the. 
Line AB. We may take: divers Points, as A, for 
. to find divers Peintsas B, and if the Operation 
be made exact, all the Points as D, ought ts be 
in one and the ſame ſtrait Line with the Point P. 
It the Suns Declimation has changed conſidera 
bly in the time which has paſſed between the 
two Obſervations of the Points of Shadow A and 
B; which _ fall out when the $7 is near 
the EquineGia) Points , gr when the Style P ff. 
of 
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r high; or laſtly, when there haspaſſed much 
1c between the Obſervations, we ſhall not 
the Subſtylar Line exatly. | 


i TheDemonſtration of the former Prafice. 


3 Suppoling the Declination of the Sun not to be 
Sanged between the two Obſervations of the 
Þdinrs of Shadow A and B; by conſtruction the 
to Triangles APS, BPS, arecqualand alike ; 

refore the Angle PSA 1s equal to the Angle 
PS B; the Sun therefore was equally elevated a- 
bbve the Plane of the Dia/, then when the two 

Points of Shadow were obſerved. "Therefore 
the Su was equally diftant from the Meridian of 
that Plane at the times of the two Obſervations : 
T herefore the Line PD, which divides the Line 
gr Arch AB into two equal parts,ſhall be the 2Zeri- 
$27: of the Plane, ; 


© To find the Center of the Dial , and to draw 

Z rhe Equinoctial Line,knowing the place where 
the Shadow of the Point of the Style cuts the 
Subſtylar Line: 


7 If between the Points of Shadow AandB, we 
"Dark a Succeſſion of Points of Shadow , ſo that : 
We may have the Point L where the Shadow of 
the Point of the Style meets with the SubſPylar 
*£-2ne between the Obſervations, having erected 
"PF perpendicular to the Sub#ylar Line, and 
equal ro the height of the Sryle PS, let the ſtrait 
ine FL bedrawn, and having made the Angle 
B-FE cqual to the Declination of the Suz at 
4 that 
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that time when the Point of Shadow L did mee þt, | 
with thelS»b/ylar Line , fo as the Point E, off ; 
the meeting of the ſtrait Line F E with the Sub. 
ftylar Line, may be always towards the Convex * 
part of the Curvature of the Line ALB, thaff - 
Point E ſhall be the Point where the EquizoGial|, 
Line E G cuts the Subftylar Lene ; Which Lines} 
ſhall interſe& one another at Right Angles. T V 

Then having drawn F C perpendicular toF E,fhe 
the ſtrait Line F C determines the poſition of thegpnc 

Axz with the Subſtylar Line; and it it meets with 
it in the Point C, . that Point ſhall be the CenterfgF tt 
of the Dial, and the Line F C ſhall be the 2ngleyhe 
of Inclination of the Axis with the Subtylir Line, the 

Which ſerves to place the Axis, and to find theia 
other neceſlary Points tor the Conſtructron of the$ 7 
Dial. the 

[t is not neceſlary that the Point ef Shadow Lhy 

ſhould be taken on the fame day when we ob-Þ# *] 

ſerved the other Poinrs A and B, it 1s ſufficient the 
that we have the Declination of the Su» then @ha 
when we make Obſervation of the Point L , and fno 
on which fide the convexity of the Tra# of the he 
Shadow ſhall be on that day, to fnd the Point E. nd 


Demonſtration, be ;hi 
The Demonſtration of this Operation is manifeſt, | hav: 
if we conſider that we have made the Angle L FE, 
and that the Line FC ought to be extended in | 
the Plane of the Mcridian , which is _ | 
| ar 
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x to the Plane of the Dial, and that the meeting 
the Line DP C and the Point F, ought ro be 

@njoyned inthe Pointof the Style S, 


® Another ay of finding the Subſtylar Line by the 
F Amplitudeof the Suns Riſing and Setting upon 
| the Plane of the Daal. 


” When the Sun begins to riſe on the Plane of 
the Pial, mark the Shadow of a Small Thread ex- 
tended from the Foot of the Sryle to its Point, and 
go alſo the ſame when the Su ſets on the Plane 
af the Dial , the Angle comprehended between 
theſe rwo Lines of Shadow , whoſe Vertex is at 
the Foot of the S:yle, being divided into two e- 
(ral parts , ſhall give the Sub/?ylar Line, 
$ Thisis manifelt , for that Angle is the Sum of 
the Ortive and Occaſive Amphitiides of the ſame 
ky , which we ſuppoſe to be equal. 
= The Subſtyler Line being placed, we may find 
e Center of the Dial by the Practice of the 11th 
Chaprer , uſing only one Point ef Shadow, and 
Knowing the Declination of the Sun at the Hour 
> Where the Point of Shadow has been marked ; 
andif the Dial have no Center, we may have the 
Iclination of the Ax with the Subſtylar Line, 
which ſhall ſerve inſtead ct the Center tor the pla- 
Sing of Hours : Alſs by the ſame Practice we may 
Þave the poſition of the EquinoFial Line. 


CHAP. 
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CHAP. VI. 


To place the Subſtylar and Equinodi. 
al Lines, and the Center of the; 
Dial, aud to determrae the poſit. 
of the Axis. | 

Any Two Points of Shadsw bein 
given,with the Declination of ih -- 
Sun at the time of Obſervation of. 

\ F#he Points of Shadow. | 


Fis.5. AW being placed ofi the Plaxe of thi 
| Dial,whereof thePoint may be Sand 
the Foot, and any two Peints of Shadow A and Bl ” 
taken at pleaſure. 
Upon ſome certain Playe having made thy 
Angle d {a equal to the Sum or Difference of : 
Right Angle, and that of the Declination of tha 
Sur on thatday on the which the Points of Shaſ\ 
dow were mark'd, according as the Declinatio' 
1s North or South ; for you would have a Point of - 
the Subſtylar Line as Q which may anſwer to q - 
Point of the Ax#, which may be more North— 
than the Point of the Szyle, you muft make they 
Angle d ſ a equal to the Sum of a Right Angle and} 
Angle of the Declination of the Suz, if the De# 
clination be North , but equal to the Difference 
ofa Right Angleand Angle of the Declination if uf 
be South. 20 Having? 
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HERL s ah; Us: 
Take {4 of any length, and make {a and {6 
qual to the Intervals SA, SB, from the Point 
ff the Style to the Poznts of the Shadow, from the 
Point A as a Center at the diſtance a4, deſcribe 
Two Arches of Circles at T and L}, and from the 
Point B,at the diſtance of rhe Line 44, inter ſect the 
ormer Arches et the Points L and 'T', then draw 
the ſtrait Lines L T and A B,which ſhall znter/e&f 
->Hne another at Right Angles in the Poznt O; and 
From the Pont O as.a Center, at the.diſtance L O or 


4 T, which are equal, 'deſcribe the Semicirele 
DT ET 4 © orc 


' Then draw the ſtrait Line P G K parallel to 
B,interſeting L T inthe Poinzr G, and make 
-GKequaltoPS the height of the Sryle: and from 
"the Pont P,as a Center,at the diſtance of the Line 
Fd, deſcribe the Arch I, cutting the ſtrait Line 
LT inthe PomtI. | RO 
=. And fromthe Point K as a Center, and at the 
Zoiſtance G 1,defcribe the Arch DR, cutting the Se- 
Fpnicircle LT'in the Point D : Then to the Line 
LT, letfall the perpendicular D Q, and draw 
Zthe ſtrair Line QP , which ihall be une Subſty- 
lar Line. 0 7 cp 
2 -If the Point Qfalls roo near to the Point. P, we 
»7may take [7d greater, 'and begin the work- again 
to determine the Subſtylar Line more exactly.  - 
Z. If the Declination of the Sw be confiderably 
"Zchanged between the Obſervations of the Poznts 
of Shadow,. be it that the Obſervations be made 
& or the ſame day or on different days, the Avgles. 
- Wo 4[a, 


[is] 
—_ 4 {b ranſt be made according to the 4 
ferent : Declinations at the times of Obſervation 
the Angle d { a being 'made as has been taugs 
before for the time of the Obſervation of thePi 
of Shadow A , make ſa equal ro SA; allo tit 
Angled {b being i made for the Obſervation of tft 
Point of Shadew B , make ſb equalto SB, © 

Then from the Points - ad Q of the Subſh 
lar Line raiſe the Perpendiculars Þ N equal tot 
height of the Style ÞP S,and QM equal to QI: 
then if the ſtrait Line MN being drawn me” 
with the Sub/ylar Linein C , the Pont C ſhallt 

tne Center of the Dial, and the Line NE pe 
pendicular to NM, meeting with rhe Subfil. 
Line ;'the LineV E being drawn perpendicular | 
. the Snbſtylar Lin: paſſing thro the Pct E ſhall i 
the Equinotial Line of the Dial. 

We+may obſerve that the Pom? D ought t- 
be on the ſide with the Semicircle T LG, whic 
is cut by the Line P GK, and which anſwers i. 
the Point M of the Axg, which is ſuppoſed t 
be more toward. the North than the Point'S ; tt 
Point D may indifferently meet with the Circle 
cither {ide of the frait Line T E. 

Alſo, We may obſerve that if the ſfrait Lin” 
LT paſles by the Point P , that Line ſhall be th 
Subſtylar Line , and. it ſhall always paſs by tl. 
PomtP , if the Points of Shadow A and B ar: 
Points of the EquinoCtial Line. 


DE 


[ 19 ] 
Danicallvirion: 


I: i« olear by this Conſeru&3ion that the Line 1d 
reſentsthe Axis, and ſaand{b the Lines.of the 
adow from ihc Point of the Style , which make 
th the Axis 1d an Angle equal to the Suns or 
ference of @ Right ingle and Angleof the De- 
vation of the Sun , according to that which hath 
BE” preſcribed mm the Prattice : Therefore if we cou- 
Wwe thar the to Triangles aſd, bid, each a- 
*#r: have their Points a and b in the Points of 
Shadow A andB, and their Points 1 joyned toge- 
Wer 2vith tha Point S of the Style, if ihe Points C 
each of theſe Triangles are alſo joyned rogether , 
Whe/e ro Triangles in this Poſition compoſe a Py- 
W#wid ABS d whereof the Line $d «he Axis of 
2c Dial. \. £7, 
= But to find on the Plane of the Dial a Point 
hich may anſwer perpendicularly to the Point 
=, as Panſwers ro the Pout S, we muſs. 
der mm the Pyramide the Triaugle. ABD 
move upen the Line AB , ſo as it as mas. 
eſe that the Pomnt d deſcribes a Circte ſuch as us © 
#LD, oa Plane which is perpendicular to the 
Wlane of che Dial ; and the Inter ſettton of thoſe two 
lanes zs rhe ſtrait Line TTL, which ought to cut 
We Line 4 B, which conjoyns the Points of Shadow 
2 and BinthePoint O, audOT, OL ſhall be 
| 7 ual : There remains nothing more but to mark, 
ve Point d or Dupon the Circle L DT couch'd on 


he Plane of the Dial. Cz The 
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The Plane of theCircle LD T being perpendicy. 
lar to the Piane of the Dial, if we concerve thi 
the ſtrait Line \ d moves upon its extreme , {b. 
ing inmovable, and put upon the Point of the Sty' 
S, and that the other extrem thereof. d.,, may i. 
ahyays in its moving upon the Plane of the Circ|. 
. LDT, it is evident that that extream d ſhall d:; 
ſeribe a Circle R D. upon that Plane which ſu 
have for its Center the Pcint K,where the Line $1 
drawn from the Point of the Style $ perpendicular, 
t0.the Plane L DT, meets with the ſame Planet 
which Line $ K ſhall be equal to PG: but the $, 
midiameter of the Circle R D ſhall be equal to G. 
if P Ibe made equal to (d , but the interſe&ion + 
the Circle L D T with the Circle R D, which wil 
Point D,determines the poſition of the Point d oft 
Axis . So as D Q conſidered as perpendicular to tl 
Plane of the Dial , coming from the Point d or D 
does there mark the Point (2, which « one of ti 
| Points of the Subſtylar Line , ſeeing that the Poin 
ds one of the Points of the Axis. 
_ . tis alſo evident that the Plane NMCP ben. 
fuppoſed to be perpendicular to the Plane of the Dia 
the Line N M does there repreſent the Axis in 4 
Poſition, the Point C the Center of the Dial, an 
conſequently the Line FE V fhall be the Equi 
noftiat, ; 


And 
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dnother Praftice upon the ſame Poſitions and 
Conſtructions. | 


Che ſame Preparations being made as before, 
> two ſmall Rods of any firm Matter, as of 
od of a ſufficient thickneſs , or of Iron: and 
e them Pointed atthe ends,and equal in length 
he ſtrait Lines 84, bd; it is not material 
her they 'be ſtrait or crooked , if the Di- 
W>cs berween their Points be equal to «4 and 


Put one of the Points of thatRod which js equal 
»#Jon thePomt of ShadowA ,and one of thePoints 
the other Rad to the Pointof Shadow B, and 
them together by their other Poznts, but ſo as 
Points that are joyned together may approach 
all back from the Poznt of the Sryle without 
ring the other Points of the Rods , which are 
pn the Ponts of Shadow AandB; then we 
> with the Compaſſes or otherwiſe, the di- 
ce between the Points aand d, and ſet that 
ance between the Point of the Style and the. 
ts of the Rods that are joyned itogether , ſo 
at Point , it may be more toward the North 
n the Point of the Style: by this means the 
on Point of the Rods being fixt, ſhall be one 
the Points of the Axis which ought to paſs 
Wirhe Point of the Seyle, therefore the fituation 
WMhe Axz ſhall be determined. | 
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By this co72moPoint of the Rods ſo faxt, whicl q 
T call D , having drawn a Line perpendicular i 4 
the Plane of the Dial, which ſhall meer it in tt 
Point Q,, the Line P Q ſhall be the Subſty] | 
Pane,” :5. 2 
The Point C'on the Plane of the Dial whe. 
it 15 met by the Line DS, drawn by the Point 
the'S:yle S, and by the end: of the;Roed D, ſhi 
be the Certer of the :Dial, and by the Pratt 
of the 11th Chapter we may draw the Equinod 
al Line : but if we have nor the Center, we my 
draw it by the Pra#ice of the ſame Chapter. 

This Prattice may ſerve to make you underſta 
more eaſily the Demonſtration of 'the Camfrog 
which x ' ey in that — 


CHAP. VIL 


place. the Subſtylar Line , 7he Cen- 
Meer of ;he Dial and 15e Equinoctial 
WLine. 

&e only Point of Shadow being given, 
Weith the Declination of the Sun and 
Right of the Pole above ihe Ho- 

r1ZON. 


. 6. Hs placed a Style upon the Plane 
= 4 & of the Dial, whoſe Pont maybe S, 
BD P the foot, and A one Point of Shadow, draw 
lorizont al Line by the Practice of the 4th Chap- 
And by the PointP draw the Lines BPH 
pendicular to the Horizontal Lineh H, and 
{ parallel to H hand equal ro the Height of the 
le PS. Then from thePoint H,where P H meets 
wth the Horizontal Line, draw HZ, and LB 
pe pendicular ro 'Z H, which ſhall meet with 
Er at the Point Bif the Horizontal Line paſſes 
war thro the Point P : Firſt let ir meet at the 
Ent B. | b- 
*Z Upon ſome Plane make the Angle d [a equal 
i the Sum or Difference of a Right Anple , and 
; i "C4 


FT 
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of the Declination of the Sun at the time whe wi 
the Point of Shadow was obſerved, accordingdSk 
ro the Precepts which have been (given in rh 
6:6 Chapter , and make the Angle 4 ſb equal wtan 
the Sum of a Right Angleand the height of thilas 
Pole above the Horizon. © © Oo HC/ 
_Then taking the Point 4 at pleaſure on thiO, 
Line { d, make ſbequal to Z Band ſ'a equal wifa 
the length of the Shadow from the- Point of thi#th 
Style $ to the Point of Shadow A, and draw thi 
fron Liner 8d B&.. i + 4 - War 
* And by the. Points Aand B draw the ffrait Lin* 1 
AB, and from the Pont B as a Center, at. the dis ta 
ilance bd deſcribe the Arch f L either above &}B 
below the Line AB; and likewiſe from th # 
Point Aasa Center , and at the diſtance @ d, des : 
ſcribe the Arch gd, cutting the Arch L f at thi p 
Point L, and from the Point L draw the tral &: 
Line O L perpendicular to AB. 
_ From the Point O as a Cerrer, at the diſtanc P 
O L deſcribethe Arch DI. VT ec 


2 


> 
- 6 


ta 


And from the Point P draw the ffrait Lin | 


+ 
gt 4h 
. fb 


P GK perpendicular to O L; and from the ſam p 
Point P,at the diftance 4/, deſcribe the .4rch I eff v 
ther on the one or the other {ide of G , cutting 1H 1 
Line LOatmeFautt.. 8; 
Then - make GK equalto P'S the height 
the Style, and from the PointK, at the diſtanc 
G 1 deſcribe the Arch R D,cutring the Arch DI} 
in D, and from the Point D draw the ſtrait Linfj 7 
DQ perpendicular toLO, and the Line PQ f 


whucl 


ti 


: 
ul 


ic 


tors 
he®the ſame Principles. 
# and the Center of the Dial by the PraQtice of the 


m2 11:h Chapter : but we have alſo here this advan- 


Fare 
YN 
ih 
T.- 
{( 
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which paſſes thro the Points P andQ ſhall be th 
Subſtylar-Line. © Tn, 

It the Point Q be too nearto P, we may find 
;nother, by taking another Point 4 on the Zine/ d, 
25 has been ſaid in the Practice of the Precedent 


{Chapter ; alſo we muſt have a regard tothe other 
| Obſervations Which have been made upon the 


fame Practice, by that which 1s there founded on 


Conſequently we-place the EquinoTial Line 


tage, that the Line which pafſes thro the Point 


0} Band thro the .Center of the Dial, ſhall be the 


© 
Day 
oe; 
Tees if 
*; 
A 


Meridian Line. 


2 In the ſecond place, if the Horizontal Line 
£7 paſſes thro the Porn P, or if the Pcint B betoo far 
& diſtant from the Point P, we muſt faſten another 

| Style upon the Plane of the Dial, whereof the 


Point may paſs by the Line of the Plummet hang- 


Z ed fromthe Point S of the Sryle, the Point of that 
3 fecond Style being called B , weperform the O- 
& peration 2s before to find the Lines da, db: but 
i# we may uſe the ſmall Rods, as has been raughr 


# inthe fore-going Chapter , otherwiſe the Opera- 


2 7500 would be too long. : 


Demonſtration. 
This Operation zs ſo like to. the precedent , that 
the Demonſtration does not much differ from it ; 


for here inſtead of a Second Peint of Shadow we 


have 
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hawe the Point B., and the-Point b [ of the Trian- 
gle bſd being applied i» BS, that Triangle 
moving .upon, B S and meeting the other Triangle 
a {1d whereof the Points a \ are applied in A'S, and 
which,moves.upon, AS, ſo as, the Points d dof the 
two Triangles may be joyned together ; then the 
Anxs which ogght to-paſs bythe Points $d, ſhall be 
ftayed in that Poſition , as we have ſeen in the pre. 
cedent Chapter : for inall the different Poſitions of 
the. Triangle bſ\d moving upon BS, the Line 
' 8d which: repreſents the Ax, remains always e- 
levated abowethe Horizon , with an Angle equal 
to the Elevation of the Pole above the Horizon, © 
and it ſhall not be flayed inthat Poſition , but by © 
the meeting of the ether Triangle a\d , ſo as the _ 
two Points dd of the 1210 Triangles may be joyned © 
together. 

 Thereſt of this Operation being altogether like to 
the precedent , we ſhall not bers again repeat the 
Demonſtration, 


CHAP, | 
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CHAP. VIII. 


To frd the Center of the Dial, and' bo 
TG acts the Subſtylar aud EquinoQuial 
1 - Lines. 

D272 on1s Pointof Shadow 6e:7g giVen, 
= andihe jhorreff Shadow. 


Fig. 7.  Aving placed a Style on 1 the Plane 
of the Dial, whole Point let be S 


Band FootP, and marked a Point of Shadow A, 
Fand divers. ether Shadows following. one another, 
Was GB, which may determine the length. of the 
: ſhorteſt Shadow , which 1s-P B the Semdiame- 
Z ter of a Circle, that has for its Center the Foot of 
the Style P, which touches the Trad of the Points 
W of Shadow GB inthe Point B, and determines *' 
T it exactly; which cannot be done by the meet- 
ingof the T'wo Curves that is of the Circle. N:B- 
and 'Fract of Shadow GB: 

Therefore upon ſome Plane pſ equal to th e 
height of «the Style PS, draw cpb perpen- 
dicularto-{p.and make þ b equal to.PB, and {b 
ſhall be equal to.SB ; and prolong It bto i, 
and let ſ a be + to the length of the Shadow 


S A. 
Then 


"= 200-1 
| Then make the Angle a/c equalto the Sun 
or Difference of « Right Angle, and the Ang! 
of the Declination of the Sun at the time when the 
Points of Shadow were obſerved, following that 
which has been noted inthe Practice of the 6h 
Chapter , the Line ſc meeting bp ins draw the 
ſtrait Line a c. ; | 

Then on the Dial from the Poznt P. at the 
Diſtance pc deſcribe the Arch C F, and from the 
Point of Shadow A, at the Diſtance a c deſcribe 
the Arch DC, interſeting the Arch'C Þ in the 


Point C, the Pont C ſhall be the Center of hel 
Dial,and the ſtrait Line CP fhall be the Subſty-7 
lar, which ſhall cut the Tract of Shadow in the* 


ins 


Point B , where the Circle NB ought to touch 


6; | .Þ 
The Subſylar Line being placed , we may}. . 

draw the Equinoial Line by the Prafice of thefts 

11th Chapter. | _—_ . 


Demonſtration. 


This Praftice i founded on the ſame Principles}. 
as the fore-going Operations, except that in this the Þ 
Line ſc the length of the Ax from the Point of 
| rhe StyleS to the Planeof the Dal, for the Tri-® 

. angle c\{b, moving upon the Line 1p applied to 
SP, reſts in that Poſition as it ought to do to de- 
termine the Center C by the Triangle aſc, which 
moves upon aſappliedits AS: but inſtead of theſe 
two Trianghkes it ſufficeth that the Lines pc andac 

moving 
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owing on the Plane of the Dial about the Points 
and a, may determine the Center C, as it as eaſie 
conceive by the Cenſtruttion. 

Note, That if in this PraQtice theLines b pand 
be parallel or make a very acute Angle, the 
2x ſhall not meer with the Plane of the Dal, 
*& elſe ſhall meet with it at a great diſtance from 
Ac Point P. Then you mult uſe the following 
Fractice. | 


"7 5.8. After you have made the fame prepa- 
"Ftion as before, takeſg onthe Line ſc ofany 
*Ength , and from the Point draw a ftrait Line 
=» parallel to ſp, Which ſhall be alſo perpendi- 
*Qular tob p ; from the Point g as a Center, at the. 
*Sftanceg 4, defcribe the Arch a e interſeQting bp 


-IÞ the Pomt e: | 

& From the Point A asa Center, and at the di- 
ance e »» deſcribe the Arch MQ, and from 
1c Point P as a Cernter,at the diſtance p m,deſcribe 
ne Arch MF interſeQting the Arch QM in the 
For M, and M PB ſhall be the Subftylar 


© . ie, | 


2 Then draw the ſffra# Live P Z perpendicular 

=2Þ the Szbfy/ar Line M PB and equal to PSthe. 

Dcighth of the Sryle, and alſo M G perpendicular | 
the ſame Ssbſtylar Line MP B, and equal to 
vg, the Line G Zſhalldeterminethe Poſztion : 
the Axz in reſpect of the Subſ?ylar Line, and: 
E being drawn perpendicular to, A G meeting 
he Subſtylar Linein E , the Equjno&ial Line ſhall 
be 


[ 1 Je: 
 beVE perpendicular ro the Subſtylar Line inter. 
ſecting it in the/Point E. 


Demonſtratson. 


There 's no atficulty in the Demenftration of thi 
Prattice after that which has been explained bel 
fore, we muſt-only conceive here the Triangle emg 
70 be perpendicular to the Plane of the Dial , tha 
2t 3s Right angled at the Point m, and that it us 
-moved about the Point e which is put upon ih. 
Point A. , ſo as the Line'em- is ahways on tl 
. Plane of the Dial, and alſo that the Trapezumk. 

fg mis movable about the Line p { which ougty; 
70 be applied to the Style PS, ſo as the Triangh 
em.,g and the Trapezium pig m may meet tn then 
common Line mg or MG, the Line MG ſhall 
- another Style anſwering to the firſt , the Point Wie” 
ſhall be the Foot thereof, "and" G fha# ve the Point 
'and the Line that paſſes by the Points of theſe twill 
Sryles Sand G, ſhall bethe Axis, and conſequenth$... 

$h5e Line M P that paſſes by the Feet of theſe cor ” 
- re pondent Styles ſhall be the 8 ubſtylar Line, 5 

'Ir is alſo manifeſt that the Line LG deter mini 
the Tnclmation of the Axis inreſpett «of the Subſt 
'fnr Line. . | 

 'We may take diyers Points of Shadow as A, tt ® 
confirm this Operation , as we have done inthff - 
[Practice of the 5th Chaprer , the ſhorteſt Shadow 
PB remaining always the ſame: 


it 


T3]. 

Ttis tobe obſerved, Thar if the Sims Declina- 
on hath conſiderably changed berween the 
bſervation of rhe Point of Shadow A, andthe 
jorteſt Shadow PB, the Angle *p/ © muſt 'be 
ade as we have taught before lor the time- of 
e ſhorteſt Shadow , and then draw [a'which 
nakes with c/ the required Angle for the time 
Ob ſervetion of the Foint of Shadow "A: for 
is not neceffary that the Obſervations of the 
Font of Shadow A, and the Point of the ſhorteſt 

*$1adow B,ſhould be made on the ſame day. 


CHAP.1%.: 


Wo fnd the Center of ihe-Dial, and to 
draw the Subſtclar and EquinoRtial 

XX Lines. = 

Fw Points of Shadow berrg grven,with 

= the D:climnation of the Sun at the 

= mes when the Points of | Shadow 

= were obſerved, 


IF. 9. Y thr oy being placed *on the Plane of 
5 the Dzal whereof the Point may be 
and the Foot P ,, and two Points of Shadow 


\ and B being obſerved. 
Make 


_] 


Makethe Anple e ſa equal to the Sum or . Dif 
ference of a Right Angle and the Declination & 
the Sun atthe hour when we obſerved the Poil: 
of Shadow A, following the Rules that we ha. 
given in the Practice n ; the 6th Chapter. | © 

Let ſeveral ſtrait Lines be drawn, as A E, is 

ward the place where we ſuppoſe ſomerhin _ ad 
they ought to meer the Center of the Dial, a 
from the Center A at any diſtance deſcribe t2 
Arch ofa Circle DR, interſeting AE in 

Point D. And having made /a equal to $ 45 2 
from rhe Center Q art the diſtance ar, equal i Us 
A R deſcribe the Arch 4”. 

Then from the Point [as a Center, at he & 
ſtance $ D,defcribe the Archd » ,cutting the Arc 
rd ind, and draw the ſtrait Line a de to me? 
with the Line ſe inthe Pointe, and make A'% 
equal toae, and having found ſeveral Points 
E, draw the Curve Line E Cby all thoſe Point? 
If we perform the ſame Operation by the Poi © 
of Shadow B, we ſhall find another Cur: 
Line F C, whick interſeCting the fr/? Curve Lil : 
in the Point C, determines the Center of tt: 
Dial. - 

And CP ſhall be the Subſtylar i --- = 

We may draw the Equinoctial by the Pradtc : 
of the II th Chapter, Is 

The Demoalſtration of this Pradtice i is ſo cat 
that it needs no Explication. | & 

For we may clearly ſee that the Interſe&i 1o0nF 
of the two Curve Lines is the InterſeQion of hl 


G7 
<Þ 7, 
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des of twoAngles a ſe and b ſe, whichare con- . 
oyned by their common Line ſe, and. there=- 
re the ſides a { and bon. which theſe Angles 

ove, are applied to AS and BS, and rhe 
>mmon- fide of rheſe Angles /'e which is the 
(xs, being/prolonged, meets with the Plane of 

w Dial in'G, which ſhall be the Center there- 


CHAP. X. 


0 fd the Center of the Dial , and. to 


draw the Subſtylar and EquinoGtial 
Lines, 


fnyTiwo Points of Shadow being egrven, 
with the Declinat ion of the Sun at 
the time of Obſervation of the Points 
of Shadow. 


fg. 10. Ec P 5 be a Style, whereof P may 

be the Foot and S the Point, and 

and B two Points of Shadow. From the 

int A, at the Diſtance AS, deſcribe the. Arch 

'Z; Alfo from the Point B, at the Diſtance 

, deſcribe the ArchRZ., interſedting the 

< QZ in the Point Z., and draw the ftrair 
D 


Lines 
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Lines, ZB and ZA, and the Line 'ZP forthaf 
_ grh,then make ZH equal to Z B,and draw the 
frait Line B H, which being divided into rework 
qual parts in E, let Z E be drawn to meet with AF 
in the Point F, 

Theneret PN perpendicular toZL, an{; 
equal to the heighr of the Style PS, and. dray# 
GO and OL at Rig4t Angles,and O L ſhall med = 
with Z P Lat the Point L; the Line L F ſhall b” 
one ho which ought to oaſs by the Center of the : 
Dia 

It the Center of the Dial that is to be found, k : 
more North than the Point of the S ty le; and þ2 
the Declination be more North, having made th 
Angle c | b equal to the Sum of a Right Angle 
and of the Declination of the Sun at the tim? 
'when we have marked the Points of Shadow ; bu? 
if the Declinatizn be South, having made the Ang). 5 
e ſb equal to the difterence of thoſe T'wo Augl: 
And if the Center of the Dial required be mor. 3 

South than the Point of the Styl:, and the Dec; 
zation be North, having made the Angle cſ bt 
qual to the Difference of a Right Angle and D. 
clination of the Sun,but if the D-clination be Soutl © 
having made that Angle equal to the Sum of th 
two Angles. 

Let/b be made equaltoSB , and from wil 4 
Pojur b having drawn 64 perpendicular to c 
profonged, it it be neceflary : from the Point 
and at the Diſtance b d deſcribe the Arch D cu 
i777, FinD, then making de equal to DF 
draw the ftrait Line ſe. DS Fro? 


% - 
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From the Pojnt Pdraw PIN perpendicular to 
L and makel N equal to1S, and draw FN, 
-n draw N C,making an Angle with F N equal 
the Angle e ſc; the Line N C ſhall meer with 
Line F L, at the Point C, the Center of the 
al if it havea Center, and the fame Line CN 
rermines the inclination of the Axis upon the 
me CF ona Plane which 1s inclined to the 
ane of the Dialtowards P,with an Angle equal 
SIP. 
And CP ſhall be the Sub/ylar Line,tht Equi- 
Zial Line may be found by the Pratice of the 
th Chapt Er, Gs, 
But if the Dial have no Center, which is known 
7 the Line N C being parallel to the Line FL; 
ifthe Center be ata great Diſtance from the 
int P : Then draw the Line T V X parallel 
PN, and make VX equal to V T,and draw 
Xcutting V lin M, and draw P M meeting 
Vin Y, and make V y<qual-to V Y, andy P 
ll be the Subſtylar Line. The EquinoGial 
nes drawn by the Practice of the 1176 Chap- 


Tofind the Center by three Points of Shadow. 


Having marked three Points of Shadow , we 

yy find the Line F L by two of thoſe Points 

uch ſhall paſs thro the Center , and by one of 

ſe Points and the third, we may find alſo ano- 

r Liye which ſhall paſs thro the Cexter;and the 
D 2 Pant 
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Poiut where theſe two Lines do meet,ſhall be t. 
Center of the Dtal. 

This Practice may be performed withol 
knowing the Declination of the Su7, 

The Center being found,and conſequently the 
Subſtylar Line which paſles thro the Center an 
by the Point P, the EquinoCtial Line is draw | 
by the Practice of the 11th Chapter. _ 


Demonſtration. 


Fig. 11. To demonſtrate this PraQtice . l 
mut ſuppoſe that the Triangle AS B in tht 
IIth Figureto be the ſame with the Triang® 
A ZBofthe roth Figure , foas the Point Z 4 
Joyned to the Point of the Style, and that hi 
Line AB remains 1n its poſition, Z 

It is evident that alithe Planes hat are perpet? 
dicular ro the 773g of the Triangle S A B ang | 


FIN 
575 
9-3, 
4 
ve 


Friante: Bs herefore the Plane L S F 1s eo 
dicularto the Plane S AB, andI fay that the Av? 
is of the Dia, and conſequently the Center, wy 
be In THAT Pla ne £, 35 F. 7 


to TWO Her pi arts; and SB vet equal ro S p 
the two Triangles SBD, SH D, being equi? 
each and likero the T' iangle [bd of the 1 ol 


Figure, and | Feng Joyned rogether by their conf 


in 1ts true DA! ſition: and the Arch ol a Circle FT 
del 


1-373 

ſcribed from the Center D at the DiſtanceDB, 
all be the parallel of the Sun, for the Angle 
3 Dis equal ro the Suns Declinatian. 

But in theſe two Equicrural Triangles HS B; 
DB, becauſe that the commonBaſe B H'is equal- 
divided i in the Point E,the Plane that paſſes by 
e Lines ES, E D, ſhall be perpendicular to the 
anes of the rwo 'Triangles, therefore the Plane 
hich is perpendicular to the Planes of the: two 
jangles, and that paſſes by their Vertical Points 

* ſhall carry the Axis: bur the Plane 7bat paſſes 
the Point S ,and by thePoint E, and which. ſhall 
verpendicular to the Plane of the Triangle 
SB,ſhall be alſo perpendicular ro the Plane” of 

thi other Triangle. 

X Therefore rhe Axz ſhall be irithe Plane 
L S that is perpendicular ro the Plane of the 
jangle ASB, and which paſles by the ſtrair 
neSEF, and conſequently the 4x meets 
th the ſtrait Line F L in ſome Point}, ©or is Pas 
lel to it, and the Point C where the Axe 
ets with the Line F L ſhall be the Center of 
> Dial, which was to be demonſtrated, 
Thin to demonſtrate the PraQtice 'which 
ves to find the Center of the Dial , we cul 
n{ider that B H being the Chord of the Arc 
the parallel of the Suns Declination contained _ 
tween the two Lines of Shadow SA, SB, 
d the Line B D being equal to rhe Line bd; 3 
dde being £qual to D E, the Triangle [de is 

Fc ſame with the Triangle SDE of the x1th _ 

"Wgure, D 3 _ Fhierer: 2 
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Therefore the Angle c ſe is that which th 
Axx ought to make witli the Line FL on: 
Plaze which paſſes by that Line F L, and b 
S the Point of the Style. | 
Therefore in the 10th Figure the Triang!: 
FCN having the Line IN equal to I'S of th; 
Triangle FSC , and being both of them per, 
endicular to the common Line I L, and by th 
Ems PomntI, and the Angle FN C being « 
qual to the Angle e/c, the Point c ſhall be thy; 
Center of the Dial, if the LineN C meet wil 
the Line IL, which was that which was if 
laſt te be demonſtrated. We ſuppoſe that i 
this Practice the Difference of Declination beſt 
rween the Obſervations is not conſiderablſ# 
changed. Et | = 
As concermung the Practice which ſerves ti 
find the SubRylar Line , whenthe Point C is 
a great Diſtance from the Point P , or when th 
Dial has no Center, it isevident by Conſtrud 
on that TV being to VYasNIitolP, tt 
Lines N T and Py ought to meet one anothſf 
in theſame Point C, which ſhall be the Center 
or they ſhall be parallel to one another , and the 
the Dzel ſhall have no Center, .- 


CHA! 
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CHAP. X1. 


0 find the Center of the Dial, and to 
draw the EquinoQial Line. 
he Subſtylar Line 4ezng drawn, and 
one Point of Shadow 4ervg given, 
with the Neclination of 7he Sun. 

"AN D 
> draw the EquinoQtal Lins the Cen. 
ter of ;he Dial 4eimg found, 

AND 

> find the Center of the Dial , the F. 
quinoCtial Line 4eing drawn. 


7. I. ] £: a Style be placed on the Plane of 
the Dial, whoſe Foot let be P,and 
intS, and Point of Shadow A, and Subſty- 
Line CP. 
Make the Angle 4/a equal to the Sum or 
terence of a Right Angle, and of the Suns 
clination , as we have done in the Practice of 
6:þ Chapter, [a being made equal to $S A, 
e any Point az d upon the Line [4, and draw 
d firait Line ad, 
D 4 From 
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From the Point A draw the ſtraitL ine AR | | 


erpendicular to the Subſtylar Line CP, and 
a the ſame Point A as a Center, and Mt the 
Diſtance 4 d, deſcribe the Arch N cutting the 
Subſtylar Line in N, 


__ Fromthe PointR as a Center, and at the} 
Diſtance R N, deſcribe the ArchND ; erect the! 
erpendicular P Z.at Right Angles to the Subſty-| 
© Line, and equal to PS the height of the! 
Style , then from the Point 7. as a Center at the 
| Diſtance ſd, deſcribe the Arch GD cutting the # 


Arch NDinD: The Line 'ZD determines the 


ſituation of the Ax in reſpect of the Subſtylar 
Line, andift it meets with the Subſtylar Line a 
at the PoitC, that Point C ſhall be the Cen 


ter of the Dial © 


Then from the Point Z FER. the frait Lial | : 
Z. E perpendicular to ZD , meeting the Sub- 
ſtylar Line in E, the Line V E perpendicular to 


the Subſtylar Line drawn through the Point EW 


ſhall be the EquinoChal Line. 


It the Center of the Dia] were given, the Lins 


CP ſhall be the Subſtylar Line, and PZ being 


perpendicular tothe Subſtylar Line, and equal? 
to the height of the Style, having drawn C 4% 


and ZE perpendicular to C Z,' meeting the Sub- W - 
ſtylar Line in E, the Line V E being drawn per 
pendicular to the Subſtylar thro- the Pong E, '1' 


ſhall be the EquinoGtial Line, : 


If the Equinoctial Line were given 5 Jai 1 | 
rhe firai Line P E by the Foot of the Style per-| 


pen: C : 
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| pendicular to the. EquinoQtial LineVE, and 


© PE ſhall be the Subſtylar Line; and having 
= made PZ perpendicular to the Subſtylar Line 
Z PE drawn by P the Foot of the Style, and e- 
Z qual tothe height of the Style, having drawn 
Z LE and ZD perpendicular to 'ZE , the Line 


VILE 
iS. 


 ZD determines the inclination or poſition of the 
= Ax4 with the Subſtylar Line ; and if ZD meets 
the Subſtylar Line asatC , that Point C ſhall be 
the Center of the Dzal. To 


= The Demonſtration of theſe Three Prattices has 
= nothing in it that deſerves to be explain'd after the 
= fore-going Demonſtrations , for we may ſufficiently 
know that the Triangle EZC & the ſame with. 
EZ ESC which was upon the Plane, which was 
= drawn by the Point of the Style , and by the Sub- 
39 ſtylar Line. - . 
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, CHAP. XII. 


To draw the EquinoCtial Line, and th: 
Subſtylar Line, and to fixd the Cen 
ter of the Dial. F 

Any Two Points of Shadow being given 
with the Declination of zhe Sun. t 


Fig. 13. ] E* a Style be ſet on the Plane of th 
Dial, whoſe Foot may be Þ , an 
PointS, and let the Two Points of Shadow: he 
A and BB. 
Make the Angle aff equal to the Declinatio 
of the Sun at the time when we have market 
the Point of Shadow A, and make /# equal «: 
SA, and onthe Point A as a Center deſcrib 
the Arch M L at any Diſtance ; and on the Pointiff 
& deſcribe the Arch 7 equal to the Arci 
M. = 
Then by the Point A draw ſeveral ſtrait Lins 
23'A L, A M, toward the place where the Equr 
noCtaal ought to paſs, which may be known bym 
the Declination being North or South , and 
knowing near the poſition of the Wall in regari 
of the A. | S 
Ther 


F423 3 


Then from the Point as a Center , and te 
> Diſtance S M, deſcribe the Arch 2 cutting 
Circle /m in mm; then having drawn 4 7 
eting /f inf, make AF equal to af: Alfo 
ke /l equal to S L, having drawn «1 cutting 
in 4, make AD equal toed, and foof all 
> other Lines which we have drawn by the 
int A, by which we find the Points as F D, 
d by all thoſe Points as FD we draw a Curve 
ne FD, | 
Wedo the ſame thing for the Point of Sha- 
w'B, gbout which we draw a Curve Line 
, andthe ſtrait Line D C, which touckes the 
o Curves , ſhall be the Equinottial. 
WBy the PraQtice of the afore-going Chapter 
WE draw the Subſtyle, and find the Center of 
> Dial (if ir has a Center) with the inclination 
the Axz5 to the Subſtylar Line. 


Demonſtration, 


The Demonſtration af this Praftice x not diffi- 

to thoſe who underſtand the Conique Settions ; 
will preſently conceive that theſe Curwe 
nes, which are traced abour by the Points of 
adow , are the Seftions of an upright Cone , 
vereof the Angle at the Vertex of the Trungle 
wn by the Axis i double the Declination. of the 


on 


The 
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The Axis of the Cone is a ſtrait Line draw 
from the Point of the Styl2 to the Point of Sha 
dow. | 
© Then if we conceive that there is a Plane hic) 
touthes theſe two Cones both together , and which 
paſſes by their Vertex, as is the Point of the Style 
that Plane ſhall be the Equino&1al ; for the Plane 
that paſſes by the Axis f the Cone , and by th 
Line, where the touching Plane meets the Cong, , 
fhall be perpendicular to the touching Plane, as ma) 
cafily be ſeen ;, and the Angle contained between thi 
}Axzs of the Cone and the Tangent Line, being th 
Declination f the Sun by Conſtruttion , the touch: 
3ng Plane ſhall neceſſarily be the Plane of the Equi- 
nottial, a | El 


CHAP. X!I. 


> find ihe Points of 7be Hours of 6 and 
12 cy the EquinoQtial Line , and to 
draw the Meridian Line. | 
he EquinoGtial azd Horizonral Line 
being g1Ven. 

rto draw the Meridian, the Center 
of the Dial berrg given. 


7. 14. Þ Er PS be the height of the Style, 


whereof P 1s the Foot and S the 
ont, and let N L be the Horszontal Line, and 
{ N the Equinoctial Line ; the Point N where 
e Equinoctial Line meets with the Horizon+ 
| Line, 1sthe Point where the Line of the Hour 
6 interſects the EquinoCtial Line. 
From the Center N, and at the Diſtance N S, 
jual to the height of rhe Style, deſcribe the 
rchRH, and taking any Point as O an the 
quinoCtial Line for a Center, at the Diſtance O 
<deſcribe the Arch IH interſecting the Arch 
Hin H, then draw the ftrait Line NH , and 
M perpendicular roN H ; the Point Mwhere 
M meets the EquinoCtial Line , is the Point 
here the Meridian Line ou ghr to interſe&t the 
quinocEtial Line, * - Then 


Then having hanged up a Line with a Plug 
metF , ſoasthe Line may paſs by S the Pon 
of the Style, mark any Point as C, on th\ 
Plane of the Dial, ſo as you may ſee with 
Eye the Points M and C both hid together h_ 
the Line of the Plummet , and this is that whic | 
we call bourning , and the Line M C ſhall 1 
the Meridian Line. 

Bur if the Center of the Dial were given , aiil 
that it were the Point C,we muſt mark ſome Po 
2s M on the Plane of the Dial, which we may 
ro paſs by the Line of the Plummet with the Poj 
C, and the Line C Mlhall be the Meridian. 

We may alſo draw this Meridian Line in ti 
Night with a Candle, in holding ut at a «4 
ſtance from the Line of the Plummer , ſo as t 
Shadow thereof may paſs by M or by the Poi 
C which of them 1s given ; For the Shadow [4 
that Line ſhall be the Meridian Line. 


Demonſtration. 


The Horizontal Circle cuts the EquinoTial Ci 
ele intotwo equal parts and equally diſtant from th 1 
emeceting of the Meridian with thoſe Circles; for it 
Equino&ial is perpendicular ro the Axis , andil 
Horizontal s perpendicular to the Vertical Lin 
and the Meridian paſſes by the Axis and by 1 
Vertical Line; Therefore the Horizontal Line a 
the Equino@ial Line in the ſame Point where iy - 
Hour Circle of 6 meets with them, which 1 
go degrees from the Meridian on the ſame I 
quinoctiu 
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inoial Circle; therefore the Line and Plummer 
ng 4 part of the Vertical, the Plane that paſſes 
that Line , and by a Point of the Meridian or 
the Axis, ſhall be the Plane of the Meridian, 
» Interſeftion whereof with the' Plane of the 
Wal is ihe Meridian Line. 


CHAP. XIV. 


a. 
"ep 
TIM 
ON 


& driw the Meridian Line, and ts 

find the Point of the Hour Line of /ix 
= 0: the Horizontal Line. 
©» one Point of Shadow being given, 
= with the height of the Pole, andthe 
F Declination of the Sun. 


Wo 


Wy. 1 5. A Style being given , Whereof let 
S be the Point, P the Foar, being 

iced on the Plane of the Dial, draw the Hort- 
Wntal Line H5, and from the Point P draw 
H perpendicular to Hh, and draw PZ, pa- 
lleltoH+, and equal. to P S the height of 

e Style, and make H E equal to H Z. 

& Then having mark*'d the Point of Shadow A, 
tar from Noon as it 1s poſſible , hang a Plum? 
et T\fo as the Line thereof may paſs by S the. 
int of the Style, and bournir ( as we did in 
e fore-going Praftice for the Meridian ) rark 
the 
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the Point þ on the Horizontal Line, by whid 
you ſeethe Line paſs, then when it alſo pally 
by the Point of Shadow A, and then draw th 
ftrait Line bE. 

Then draw an Arch of a Circle zo f on thy 
Center c at any Diſtance, and make z 0 equal 
the height of the Pole above the Horrzon , an 
draw the Lines 0c, &c, to c the Center of the 
Circle. 

Let the Arch o 2» be made. equal to the ml : 
clination ofthe Sur at the time when the Pon 
of Shadow was made toward Z, it the Sn 
in North Signs, and toward f. if it be in Sou 
Signs , for thoſe that have their Zenith in G 
North part of the Sphere; bur on the contra 
for thoſe that have it in the South part; and ar - 
a mparallcltoo c. 

Draw c Jr perpendicular to cz from the Cal 
terc, and make the Angle dc f equal ro the 47 
gle bs A, anddraw x Line 4 e parallel to ſi 
meeting cz in eand a7721ndGd. - 

On the Point E as a Center,at the Diſtance Fo Z 
- deſcribe the Circle BD,meeting E þ(prolongedi® 
it be neceflary) at the Point B make B M equi 
toda, andirom M raiſe D M perpendicular ws 
E B, interſeQing rhe Circle BD 1nD, then draw. 

E D (prolonged it it be neceſſary) and the Poink 
'F where it interſeRs the Horizontal Line , ſhal?? 
be the Point of the Meridian _ the Horn? | 


ZOn; Be 
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And EG being drawn perpendicular to E'D, 
zives the Point G wherethe Hour Line of fix 
meets with the Horizontal 77 £ 
Tt muſt be obſerved that the Line MD which 
adrawn perpendicular to B E, may meet with: 
he Circle B D on either fide of the Pont B ; bur 
ou muſt take care that if the Point of ShadowA, 
mark*d before Noon; to-rhake uſe of the Poine 
), which. is on the right hand of the Point B 
in the Example, and if the Point A were 
narked after Noon » you muſt take the Point D 
rhere M D meets the Circle on the lefthand of B 
TÞ have the poſition of the Metidian Line; tf DE _ 
s not the Horizontal Line, but then when ir 
prolonged toward E,, the Point F ſhall apper- 
1 to the Line of} Midnight : All this ought to 
underſtood concerning thoſe that have their 
ith on the North ſide of the Equino#:al, for 
is contrary with thoſe which-have their Zenith 
i the Southern Hemiſphere. 
Ifthe Line E D meetsnot the Horizontal Lind 
cing likewiſe prolonged towardsE,then the Dial 
ill have.no Line of Mid:day nor of Mid-night, 
ad the Plane of the Dial fhall be either Oriental 
Occidental. 
tt ivalſo. tobe obſerved that the Angle HEF 
made by the Line E D with the Horizontal Line 
H, is the Angle of the Declination of the Plane. 
By the fore-going Pradtice the Meridian Line 


r the. Line ef Mlid-night may be drawn by the 
on F: 


E Dz- 
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And E G being drawn perpendicular to E'D, 
res the Point G wherethe Hour Line of fi 
ts with the Padua Line. : 
Te muſt be obſerved that the Line MD which 
drawn perpendicular to B E, may meet with 
Circle B D on either fide of the Point B; bur 
u muſt take care that if the Point of ShadowA, 
nark*d before Noon; to-rhake uſe of the Poine 
which. is on the right hand of the Point B 
in the Example, and if the Point A were 
ked after Noon, you muſt take the Poms D 
re M D meets the Circle on the left hand ofB 
nave the poſition of the Metidian Line; if DE _ 
ts not the Horizontal Line, but then when ir 
rolenged toward E , the Point F ſhall apper- 
| to the Line of! Midnight All this ought to 
nderſtood concerning thoſe that have their 
ith on the North {ide of the Equirodial, for 
tontrary with thoſe which have their Zenith 
he Southern Hemiſphere. 
Ifthe Line E D meetsnot the Horizontal Lint 
ng likewiſe prolonged towardsE,then theDial 
Il have.no Line of Mid-day nor of Mid-night, 
the Plane of the Dial fhall be either Oriental 
dccidental. 
tivalſo ro be obſerved that the Angle HE F 
de by the Line E D with the Horizontal Line - 
d, 1s the Argle of the Declination of the Plane, 
By the fore-going PraGice the Meridian Line 
the. Line ef Mlid-night may be drawn by the 


E De- 


int F; 
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# Demonſtration, 


The Figuref mz c &s a Projeion of the Spher 
0914 Plane by Lzxes parallcl to one another , whit 
Projet10n is called the Analemma ; the Circle fm: 
rejreſents the Meridian,and the Point Z the Zenitl 
octhe Equinottial Line, am the parallel of th 
Suns Declination at the time when the Poant of Shu © 
dow A: was markd , ct the Horizontal Lingy 
dae the parallel of the Suns Altitude at the ſanifi 
rime , and the Point a determines in the Spheret 
place where then theSun was. 
If a Verticle Circh zag be conceived to | 
through the Point ato the Horizon ing , it ts 
 nifeſt that the Line g inthe Circle whoſe Radir 
fc, ſhall bethe Verſed Sint of the Angle wh 
the Perticle Circle 2 a g makes with the Merit 
Circl: a dF, and that d a ſhall be the ſame Fer 
Sine in the Ci cle, whoſe Radine 8 de. 

Therefore if we conceived the Planch E FD 
be the Plane of the Horizontal Circle , we may] 
by Conſftruttion that the I ine E F D «s the Meri 
#1: 01 that Plane, and that the Point F is in 
Plane of :be Dial, the Point of the Meridian 
3t meets with the Horizon, and that the Poit © 
x 1he Point where the Hour of fix cutsthe Horm 

(ecing that FE SG « @ Right Angle; for B M* 
| quaito d a as the Verſed Sine of the Angle BE 
: 2bhich ought by conſequence ts bs equal to the An 
which is made bythe Meridian with the Verti 
Crore, | CHat 
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CHAP. Xy. 


To draw the Meridian Line: 
Two Points of Shadow d6erng given 
in 4 certain condition. 


Fig. 16. LJarving fixt aStyle on the Plane of the 
Dial , whereof let P be the Foot 
nd $ the Point, draw the Horizontal Line H h 
by the Fourth Chapter, and from the Poins P 
Bdraw P Z parallel toþH, and equal toPS the 
height of the Style, and having drawn the ſtrait 
WLineZH , draw Z Cperpendicular ta it; 
Then' the Point of Shadow A-being mark'd 3 
Yr 4 hours befereNoon,, to the intent that the 
ZOperation may be more exact, let A Bbe drawn 
Wperpendiculart to Z C. : 
Then make B E equalto BC, and CDequat 
to EA, anddrawZ D. = 
- By the place where you judge ſomething near 
that the Shadow of the Point S will arrive when 
the Su ſhall be ſo far from Noon as it was when 
the Point of Shadow A was mark'd; draw many 
ſtrait Lines as Q F perpendicular to H P, and by 
the Points F where they interſe& HP, draw I FR 
WperpendiculartoZ.C,and mrking FG equaltoFR, 
| Ez from 
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from the Point G as a Center, and at the Dj. 
ſtance R I deſcribe an Arch Q, which ſhal 
cur F Qin thePoint Q, and ſo we may find 
as many Foints Qas we will ; and by all theſe 
Points drawing a Curve Line Q Q , we mark 
the ſecond Point .of Shadow O, then when 
the Shadow of the Point of the Style S meets 
with the Curve "SR - 

Then draw the Line AO, and on the Point 

A asa Center, and at the diſtance A $ deſcribe 
the ArchXY, alfo from the Point O at the- 
diſtance OS deſcribe the Arch XN , cutting 
the ArthXYinX, anddrawX A, XO; tha. 
divide the Angle A X O into twoequal partsby 
the LineX M, which ſhall meet with AO i_ 
M, the Point M ſhall be one of- the Points « 
the Meridian Line, and by the Practice of th. 
1 3th Chapter we may draw the Meridian Line, 
which oughtto paſs by the Point M. 

We ſuppoſe in this PraCtice that the Suns De-j. 
clination* has not changed conſiderably be 
tween the two Obſervations of the Points df 

Shadow Aand O. Z 


Demonſtration. L 

\The Curve Line O (2 (2 which ought to lect Ul. 
rhe Point V, as weafre to underſtand by the Di- 
fſeriprion., {all alfo paſs by the Port A, if wt 3 
. make the Deſcription thereof on the other fide of 
zhe LineP H, and it is the Seetion of a 5 ? 
| | ” one,!: 
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ye, whereof the Vertex i the Point S, and 
Z C the half of the Triangle which paſſes by the 
js , couch'd upon zhe Plane of the Dial, and 
ereof Z C repreſents the Axu, the Angle D Z C 
he Complement of the heigbt of the Sun above 
Horizon at the time when the Point A was 
rk'd, and the Lines as I R are the Sefions of 
Planes parallel to the Baſe of the Cone with its 
angle by the Axis , and upon which the Sefti- 
of the Cone ws a Circle, and the Interſeions 
thoſe Circles with the Plane of the Dial are the 
ms (, which are tz the Superficies of the Cone 

conſequently in the Conique Seftion AV 2 _ 
ereof HV P is the Axis : But this Conique 
Hon repreſents the parallel to the Horizon where 
Sun as found at the time of the two Obſerva- 
xs of the'Shadow in A and O; Therefore thc 
e X M which divides the Angle AXO into 
equal parts,is the Interſettion of the Meridian 
hb the Plane AOS, for that Line ſhall divide 
Chord of that Angle ; the Point Mis there- 
one of - the Points of the Meridian Line onthe 
he- of the Dial , in ſuppoſiug the Declana- 
ol the Sun to be the ſame Ye the two Points of 
ow Aand O, | =o. 


E 3 CHAP. 
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CHAP. XVI. 


To find tbe Ccnter of the Dial or deter 
mine the I nclination the Axis wil 
tbe Meridian, io draw the Subſlylar 
and EquinoQial Lines, 

The Meridian being fonnd , and th: 
height of the Pole being groen. 


Fog. 17. : Ba the Point P be the Foot of t 

As Style whereof Sis the Point , auf 
let M T be the 1Meridian. Draw the Hor 
zontal Line H < interſecting the Meridian Li 
in T; and from the Point T as a Center at t 
diſtance T'S deſcribe the Arch B A,and feom an 
Point of the Meridian as M, at the Diſtance M 
deſcribe the Arch D AinterſeCting the ArchB 
in the Point A, and draw the ſtrait Line AT 
then make the Angle T A C equal co the height 
of the Pole above the Horizon which is ha 
given; if the Line A C meets with the Merid 
an, as at the Point C, then C ſhall be the Ce 
rer of the Dial, and the ſame Line A C in th 
Pefition determines the Inclination of the Ax 
with the Meridian Line; And c P ſhall beth 
Subſtylar Line, 


Fron 


\ 
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From. the Point A. draw A E perpendicular 
AC, interſecting the Meridien Lins inE, 
1the Line E V drawn thro the Point E per- 
dicular to the Subilylar Line CP, | bs 
> EquinaChal Line. | 
Bur if the. Dial have no Center , draw the 
neRP G atpleaſure thro the Point P meet- 
7 with the Meridian in G, and with the 
ze ACinR, thendraw another Live ON 
llelroR G , meeting the fame Lines at the 
intsNand ©; anddraw the ſtrait Lines R N 
iGO interſecting one another in. the Point 
and make R p equal to GP , and draw 
' to meet with the Line O' Nin; and PQ/ 
Wll be the Subſtylar Lme, and the Equino- 
Wal Linc is found as before. 


Demonſtration. 


By the Conſtruttion it is manifeſt that the Line 
I repreſents the Inter ſection of the Horizontal 
ane 07; the Plane of ibe Meridian, therefore the 
ple 'T AC being equal to the height of the 
ve above the Horizon, it is manifeſt that the 
AC determines the Inclination of the Axis 
th the Meridian MT; therefore conſequently 
Point C ſhall be the Center of the Dial if the 
Wne A C meets with the Meridian Line: But 
we Line AE which us perpendicular to AC which 


E + re 
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repreſents the Axis , fhall be the Interſefion of the 
Plane of the Equator and Meridian ; therefor 
the Point E ſhall be one of the Points of the 
Equino#ial Line on the Meridian Line ; but th 


Equinottial Line ought ahways to be perpendicu 


lar to the Subſtylar Line , wherefore E V ſhall 


the. EquinoGtial Line, 


© If we have not the Center of the Dial,we haſh 


drawn RP G and OQN parallel to one an- 
ther, and RN, GO ,interſedting in F,and yp F 
paſſing- thro the ſame Point F , then by reaſon 
_ the like Trianyles we have RGto ONas Rpo 


GP tw QN; therefore PQ, MT, R(\ 
#ught to meet in one and the ſame Point C,, hid, \| | 
ſhall be the Center of the Dial , or elſe they ſhallkh \ | 
all three parallel to one another, and then the Di 
al ſhall have no Center, © #F 


by - 7 way 
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CHAP. XVII. 


Remargues and Praftices for divers 
= Abridgments im the Operations of 
Y ihe fore-gozng Chapters. | 


I. 


ip. 18. JAving found the Subſtylar Line þ e 
| and the EquinoGtal Line e « for 
xe Style ſp, if you would remove the Subfty- 
ar and EquinoCtial Lines ts another place of 
e Plane of the Dial; the Line PE parallel to 
e ſhall be another Subſtylar Line, and V E 
parallel to e # or perpendicular to P E. paſſing 
bro any Point of the Subſtylar Line P E, ſhall 
> the EquinoCtial Line , and we determine by 
he following Method the Poſition of a Style for 
he two Lines PE, EV, whereof the height 
hall be given of any length , or we will deter- 
nine the height of a Style whereof the Poſition 
hall be given upon the Subſtylar Line P E, 
Firſt , Let the Line AR be piven for: the 
eght of the Style , which: ought to be ſet for 
the Subſtylar and EquinoGal Lines PE, E V. 


Make 
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Make E Þ equal to ep, and ſet it the ſame} 
way (that 1s the Point P muſt be ſet above the! 
Point E if the Point p be above the Point e, and; 
below it , ifit be below it) and make EZ equal” 
topſ, and E ZequaltoRA given, and, dray/ 
zP and ZR parallel toZP,' mecting EP in. 
' R; andthe Point R ſhall be the Foot of the. 
Style » the height whereof R Ais given. 

Thereforeif you fix a Style , whereof the 
Foot may beR, and the Diſtance between th 
Point thereof A and Foot R , may be the height 
_ to the Line ZE, the Propoſition is ſatis- 

ed. 

But if the PointR were given for the Foot” 
the Stzle, and the height were required : drav 
P Z as> before , and by the Point R draw R 1! 
parallel to P z, and E Z ſhall be the height © 
the Style whoſe Foot is the given Point R. 


IT. 


The Subſtylar Line CE, the Equinoctial 
Line E V, and the Meridian Line C M,anſwera- 
ble to the Style SP being given , we may take 
what Point we will in the Subſtylar Line as K,to| 
rhe Center of the Dial , without altering the 
Subſtylar Line or Equinottial ,, and the Line 
K 2 drawn parallel to C M ſhall be the Meri- 
dian Line , but the height and poſition of the 
Sryle muſt_be changed by the following Me- 
thod, 

Make | 


a,b Rh FE (BER 
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Make Ez equal to PS, anddrawMP and 
7. and draw Rand RZ, parallels to MP 
MndPZ, and the Point R ſhall be on the Sub- 
Wylac Line, which 1s the Foot of the Style , 
Whereof the height 1s R Z perpendicular to the 
Woint R on the Plane of the Dal. 


” "I&& 


If the Subſtylar Line CE were given with the 

eridian LineCM anſwering tothe Style P S, 
ne may take any Point asp to be the Foot of 
k Style , whereof the height 15 to be determmed ; 
xr the Style being given o* any height to deter- 


Wine the Poſitionof the Foot p without chang- 
'g either the Meridian or the .Center of the. 
the Foot of the Style p be given, and we 


areto determine 1ts height , by the Foot of the 
zi P, put for thefinding of the Meridian and 
Subſtylar Line, let there be drawn PS perpen- 
dicular ro the Subſtylar Line and equal to the 
height of the ſame Style , andler CS be drawn 
by the Center of the Dis/; and from the given 
Point p let p/ be drawn parallel roPS, wll it 
meet C'S 1n the Point {, and p / ſhall be the 
length of the height of the S731, which oughr 
to be placed at the Pointp, and the Meridian 
# CM and 'the Center of the Dza/ C are not 


; Bur 
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But if pſ were given for the height of the Sy}, 

it muſt be put upon P S prolonged if it be ne- 
ceſlary in Pz, and z / muft be drawn paral- 
lel to C Pro meet with the Line CS in » [| 
and /p being drawn parallelto SP , ſhall give 
the' Point p on the Subſtylar Line for the Foot 
of the Style required , whereof the height is} 
given. | 


OT” 


IV, 


Fig. 19, The Meridian CM being given, 
with the EquinoQtial Line EM, we. may find 
another EquinoCtial as es , without changing 
the Meridian, the which EquinoCtial e 2 ſhal 
make the Anglee 9 C with the Meridian CM 
equal to the Angle EMC, but we muſt find ano- 
ther Style by the following Method. 

IF the Center of the Dial be given at the 
Point C , by the Foot of the Style P which have 
ſerved to find the Meridianand the Center C, 
having drawn ,ÞP S [perpendicular to the Subſt y. 
larLine CP, andequalin length to the fame 
Style, lete { be drawn parallel to E'S, and from 
the Point draw fp parallel to S P, meeting the 
Subſtylar Line in the Point, p, which ſhall be the IF: 
Foot. of the Style required , whercof p ſſhall be | 
the height. F 

Burt if we have not the Center of the' Dial , 

we muſt draw the Line S  by'the Point S which 
determines the Inclination of . the Ax _ m 
UDO. 


6s | 
btylar Line, by the Praftice of the 16:b Chap- 
, arid we {hill find as before the Poznt p for 
Foot of the Style required , whereof the 
ght ſhall be p /: 


V. 


Fig. 20. If after you have drawn the Aeridj- 
Line C M and the Subſtylar Line BP, we can- 
t have the Equinefial, becauſe the Style has 
en put too long, we may diminiſh it as much 
we pleaſe , without changing either the Foot. 
reof or the Subſtylar Line ; but we muſt find 
other Meridian and another Horizontal Line 
uch may anſwer to that Style , and theſe Me- 
lian and Horizontal Lines ſhall be parallel to 
firſt Meridian and Horizontal Lines: 
Therefore draw the Line e 9: M by any Point 
the Subſtylar Line as e , which may be perpen- 
ular to it , that Line may be the Equinodh- 
Line; but the height of the Style muſt be 
inged in drawing e / perpendicular to the Line 
which determines the inclination of the Axx 
th the Subſtyle, and that Line e/ meeting SP 
ck is a perpendicular te the Subſtylar Line by 
: Foot of the Style, and Which 1s his heighr, 
that for the EquinoCtial Line e 7, P & ſhall be 
eheight of the Style required ; but there muſt 
anather Adferidian found , whether the Center 
the Dial be found or not found. 

Take 
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Take on the Sub?yle the length e B equal to + 
drawB M, andalfo take eb on the Subſtyl, 
Line equal toe z , and by the Point 6 draw 6 x 
ni to BM mecting the Equine&#ial Lin 
em in the Point”, and let cm be drawn pari 
Jel toCM, the Line c 1» ſhall be the Meridia 
tor the Style , whereof the Foot is in P,the heigh 
is Pz, and the EquinoCtial Line e 2». 

And we may yet change if we will the For 
of the Style or its height, according as neceſſl 
requires by the former Obſervarions. 

But for the Horizontal Line D H which hi 
| been found forthe Style whoſe Foot was P an 

PS the height, the which meets the Subſtyle ; 
the Point H, if you would find another for th 
Style whoſe heightis P z , withour placing efb 
Ctually thar Sry/e to make uſe of the Pradin 
taught in the 47b Chapter ;. you have no more t 
do but to draw SH, and by the Point z the Lin 
Z b parallel ro SH meeting the Subſtyle in 5, 
and the Line dh parallel ro DH ; fhall be th 
Horizontal Line required. 

Laſfth, a Dial being drawn on Plane;we muy 
transfer it in what other place we will on the fame 
Plane, by drawing of parallel Lines to thoſe that 
are drawn, fo that we keep the fame order and 
the ſame proportion between them in'rtheir meet 
ings, but theSryle ought ro be pur at rthe' Pom 
which anſwers to the Peirr of the firſt , whichs 
for its Foot. +1 
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THE 


PREFACE. 


phe: the choice which we ought 

to make of the Prattices to draw 
the Subſtylar , EquinoCtial, and Me- 
ridian Lines ; and io place the Cen- 
ter of the Dial , according to the Ex- 
fofitzons of the Planes propoſed. 


PAving taught in the firſt Part of this Treatiſe 
different Pra#ices to find the principal Lines 
of Sur Dials , I think it will not be amiſs to 
give ſome Inſtructions concerning the Uſe which 
we may make of theſe Practices, following the 
different Expoſitiens of the Planes propoſed on 
which the Sz; Dzals are to be drawn. 
Therefore it is neceflary- ro know ſomething 
near, the Poſition of the Plone in regard of North 
or South before we beginany thing ; which may 
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be done by a ſmall Decliaatory , which preſent 
ly ſhews on what fide the North ; South, Eaf 
or Weſt 1s; which thoſe that are uſed to obſtjy, 
the Su7,, may know by ſeeing in what manner; 
ſhines upon the Plane actording to the Ho 
and Seaſon of the Year, 

'T hen we may well conceive after what ma 
ner the Ax ſhall meer with that Surface , ai 
conſequently we may judge of the Poſition ( 
the Subſtylar Line, of the EquinoGial, and all 
of the whole Dial. 

But conſidering « Dial wholly made; it is nd 
difficult to know among divers maniiers whid 
we may uſe, that may bemoſt fit and milf 
ealte for the Conſtruftion of the Dial. 

Therefore we may preſently ſee that it yil 
be uſeleſs to find the Center of a Dial or th 
Meridian on a Plane which comes near either t 
the Eaft or Weſt, and that the EquinoCtial Lin 
being ſet on ſuch a Plane, we need not find tht 
Point of Mid-day , and that we muſt uſe the 
Po:nt of the Sixth Hour to begin the Diviſions 
the Horary Intervals on that Line, or on th 
Horizontal Line. RE-, a 

'  Alfo we may fee that on theſe forts of Plami 
we cannot uſe the Practices where, we ought to 
bave the Points of Shadows after Mid-day, which 
may be anſwerable to others taken in the Morn- 
ing ; for that which is of thoſe which give the 
Poſation of the Meridian of the Plane , which [, 
| the 
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the Subſiylar Line, by the correſpondent Points, 
we can never fitly make uſe of them on theſe 
ſorts of Planes: For if the firſt Point hath been 
mark*d a little too far from that Meridian, we 
' Can never have it's correſpondent Point, 

Alſo. we muſt not uſe the Practices of cor- 
reſpondent Points of Shadows , or the Tract of 
the Shadow,if the Circle thatis deſcribed from the 
Foot of the Style as a Center, mects that Tract 
in Angles too acute ; for we cannot determine 
exactly that meeting. » and this, inconvenience 
may happen to the Practices on all ſorts of Planes 
many Seaſon of the Year. , £ 

 f the Dial belarge , or if the Declination © 
the Suns has changed confiderably between the 
Obſervations of, the Points of Shadow , we have + 
not exatly the Lines, which we. ſeek by thoſe 
Practices where we. ſuppoſe thatit hath not been 
changed between the Obſervations. 

In the. Practices. of this. Second Part we ſup= 
poſe always that the Equinoctial Line or Hori- 
zontal Line is drawn , and that we have mark'd 
on that Line the Pot where the Hour of 12 or 
6 meets with it; at which Points. we begin the 
Divifion of the Hours on, thoſe Lines; but to 
draw them we muſt havethe Center of the. Dial, 
orat leaſt the Inclination of the Ax to the Sub. 
fylar Line , which has been taught in the 

Faſt Part, 


F CHAP, 
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CHAP. LI 


To mark the Points of the Aſtronomiqu: 
Hours oz» 7the Equinoctial| Line 
and by iboſe Points 7v draw the Hou 
Lines, 


Fig. 21. Y EtSPbea Style, whereof S is th 

Point and P the Foot, E XII, 
the EquinoQtial Line ; on which the Point Xl 
the meeting of the EquinoCtial with the Merid 
an, and the Point VI1s the meeting thereof wit 
the Hour of Six and with the Horizon ; P El 
15 the Subſtylar Line which meets with the Equ 
noctialin E, 

Make EA on the Subſtyle equal to ES, whid 
1s the Diſtance between the Point E, of the Equi 
noctial and S the Pont of the Style , and dray 
AXIl or A VI, or both ofthem, if you hae 
thoſe 720 Poinss on the EquinoQial Line; 
the which two Lines AXII, AVI, ought to 
make a Right Angle at the Point A; then on the 
Point A as a Center , at any Diſtance deſcribe at 
Arch of a Circle bc , which ſhall cur the Line 
A XII and A VI at the Points band c , and divide 
the Circlefrom 15 to x5 Degrees, beginning : 

the 
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the Point b , or at the Point C; then draw ſtrait 
Lines from the Center, A , and by the Points of 
the Diviſion of the Circle, which muſt be prolong. 
ed, if it be neceſlary, to the EquinoQual Line,on 
which it ſhall give. the Divigon of the Hours 
which are to.be mark'd, according to the apparent 
motion of the. Sun from Eaft to Weſt, .  _.]. 
\ Then by the Center of: the Dial, and. by the 
Points of the Hours which ,are mark*d upon the 
| EquinoCtial Lige , draw ſtrait Lines, which ſhall 
be the Hour Lines::- . + oc : 
. -Bur if we have not the Center of the Dial, and 
we have only the Inclination of the Ax Z z to 
the Subſtylar Line e E, you mult take any Point, 
| 25 e, on the Subſtylar Line, and by that Point e 
having drawn a ftrait Line e x2, parallel to the 
EquinoGtral. Line E XII ; and drawing e & per- 
pendicular to Z;z, , make e & equalto ez, and 
by the Point a draw the ſtrait Lines a 11 , 4 12, 
41, &c. parallel tothe Lines A XI, AXH, A l, 
&c.. and by thele Points, where theſc Lines meets 
with, the Line e1z,. and by thoſe which are 
correſpondent to them onthe .EquinoQlial Line, 
draw theHour Lines x1 XI, 12 XII, 1 I, 21I,&c. 


| Demonſtration. 


. The Plane S XII E is the Plane of the Equine- 
Hal by the ConſtruGzons of the Firſt Part, o_ the 
rianghe A XIIE being. the ſame with the Trian- 
peſXITE , we ought to my upon the Plane of 
z E: 
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the Triangle 4 XII E the Hour Lines 15 Degreel 
rbe one from the other about the Point A, in begiy 
ning from the Line A XIlor AVI, which are th 
Inter ſetous of the Plane of the Mer:idiauw, or 6 
the Plane of the Hour Circle with the Plane of th 
Equino&ial ; but all the Planes of the Hour Circh; 
interſeft one anvther in the Axis , an4 do alſo pa; 


bythe Center of the Dial which « the meeting ( 
the Axis with the Plane of the Dial : Therefore t 
ffrait Lines drawn from the Center of the Dial » 
the Points of the Hours mark*d on the EquinoGti 
Line ſhall be the Honr Lines 4 the Dial , #f the Di 
al has no Center; or if the Center be at a gre 
' diftance from the Equinofial Line, the Pradtin 
that is here taught for that Cafe gives the Pot 
onthe Line e 12 , which iis parallel to the Equim 
ial Line ; ſo as all the diffances of the Hour Lim 
on that Line e 12. , are in theſame proportion wi 
their Diftances on the Equinotial Line , and thi 
exch of cheſe Diſtances on the Line e 12, have th 
fame proportronto their torreſpondent Diſtance i 
the Equinoftial Line, asthe Linee z has to th 
Line E Z'; therefore it follows that if the Dul 
ha've no Center all the Hour Lines are parall 
fo one another and to the Axis, And if it haves 
Center, all the Lines ſhall meet in that Centr: 
which is very manifeſt , becauſe of the like Tria 
gles which are made by the Lines E XII, © 1 
which are parallel to one another, 


CHAP, 
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CHAP.IL. 


mark the Points of the Aſtronomique 
Hours on the Horizontal Line. 
nd to draw the Hour Line by thoſe 


Points, 


[3% & Is the Point of a Style given, where- 
of Pisthe Foot, MH D is the Ho- 

ontal Line, PH s drawn by the PoineP (the 
ot of the Sry/e) perpendicular to the Hor1zon- 
Line; M is that Point where the Meridian 
Wine inter /effs the Horizontal Line, upon the 
neHP fer H/ equalto HS, and draw the 
ait Line ſMa, and make the Angle MA 
qual ro the Angle of the elevation of the Pole a- 
ve the Horiz,92 , then from any Point as A, ta- 
non the Line /A, raiſe a perpendicular from 
to { A, till it meet wthſMinr2, and draw 
e Lineg, 12, 4, Perpendicular to /a, and 
ake 12 acqual to12 A; and fromthe Point a, 
a Center,deſcribe a Circle at any Diſtance, and' 
vide it into equal parts from I5 Degreesto 15 
grees , beginning the Diviſion where the 
Ine 4 12 interſeRs the Circle; and draw Lines 
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from the Point a , /to the Divifions of the 
Circle,. to meet with the Line :9.4 at the Points 
9, 10, 11, I2, I, 2, 3,4, ©: And by the 
ſame Points and the Point f, draw . ſtrair Lines 
which ſhall meet the Horizontal Line in rheÞ 
Points of the Hours required , which muſt be 
 mark'd according to the Diurnal Mction of the 
Sun ,; of which the Point M ſhall be Noon-, and 
D the Point of the Hour of Six. . .., _ 

_ If the Line [D drawn perpenaicular to { M 
meet with the Horizontal Line at the Point D,that 
Point ſhall be the Hour of Six on: the Horizontal 
Line , Which 1s the ſame Point where rhe Equiiþ 
naftiel Line ought to meet with. the Horizontal 
Line, as hath been taught inthe Firſf Part. 

If we have not the Point of Mid-day on th: 
Horizontal Line , and we have but D the Pon 
of the Hour of Six , then draw [D and / A 
perpendicular toſD., the which / M meets th Þ 
Horizontal Line , ornotin M, for.it is indiffe 
rent ; then we do the ſame as we did before t1 
find the Points of the Hours on the Horizontal 
Line. We may ſee by this PraGice that it is not ne 
cefſary that the Line { M a ſhould meet with the 
Horizontal. Line. , | | —yj 

The Hour Lines are ta be drawn from C the 
Center of the Dial, and by the Points of the 
Hours which have been found on the Horizontd! 
Line. | | | 

If the Dial have no Center , it is better to fol- 
low the Method of the precedent Chapter on 
| this, 


* 
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this , ſeeing that we havealways an EquinoQti- 
al Line in that Caſe. 


Demonſtration, 


The Plane fMD « the ſame with the Plane 
$MD by Conſtruttion , which is the Plane of rhe 
Horizon ; therefore all this Operation muſt be con- 
fidered as made on the Plane of the Horizon which 
paſſes by the Pont of the Style S, whereof 1M # 
the Meridian given, or the Suoſtylar Line , or 1D 
& the Line of the Hour of Six , the Point 1's the 
Center of the Dial , the LineſA #« the Inclination 
of the Axzs to the Subſtylar Line M; therefore it 
s that taking the Point A at pleaſure for 1he Point 
of the Sryſe , by the Prafice of the 11th Chapter 
the Line 9, 4 » ſhall be the Equinofial anſwering 
t0 the Point 9 the Style, and by the Prattice « 
the former Chapter the Lines \12, ſ1, ſ2, Oc. 
ball be the Hour Lines on that Plane, which meet: 
be Horizontal Line M H D , which is alſo os the 
am: Plane by Conftruttion with the Points of the 

ours which they deſign ; therefore the Lines which 
we drawn thro is e Pognis of the Hours on the Hex 
zontal Line, aniby C the Center of the Dial,ſhall 
et: Hour Lives of the propoſed Plane, | 


CHAP. II. 


Stx Intervals of "" WR fullowing One 
another being given, 1o draw all 
tbe other Hours. | 


Fig. 23 A*® let the Six Intervals of Hour; 

from CAtoCF be given, draw| 
E eparallel toc 5, cutting c Ain the Point A,| | 
CB in the Point B, C Dan the Point D, &c, And 
make A bequal to A B, A dequalto A D, &%«, 
And from the Center "N and through the Point 
bde, &c. draw the Lines of the Hours that fol- 
low the precedent Hours. 

If alfo you would have other Hours following 
the firſt or laſt found, you muſt repeat the Ope-ſ 
ration in drawing another Line as Ee parallel toff if 
that which is "_ laſt ofthe Six Intervals 
Hours, 

If the Dial has no Center , you muſt draw any} |} 
other Line as /? parallel toE e , on; which fin@ Þ 
the Points of the Hours as you found them on the 


Line Ee, andin joyning the Horary Points of | 
the two parallel Lines E e and [t,” you ſhall bave | 
the Hour Lines required, | 


Demon= | 
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Demonſtration. 


If pe imagine aPlane to paſs by the Line E Ae, 
nd which zs parallel to the Plane of the Hour Cir- 
e of the LineC 5, it « man'feſt that the Plane 
f the Hour Circle which paſſes by the Line CA, 
hal be perpendiculas to the Plane that paſſes by 
BW 4e, becauſe ihat the Planes of the Hour Cir- 
Ws CA, C5,arc miclined to one another by @ 
79t Angle , and by conſequence the Axis meets 
ft with the Plane drawn by E Ae, and it ſhall 
re parallel to it , and all the Lines whioh are the - 
Whreetings of th: Planes of the Hour Circles with the 
{lane 7ha; paſſes by E Ae, ſhall be all parallel to 
We another and tothe Ax. | 
But becauſe the Plane ibat paſſes by C A zs per. 
{endicular to the Plane by E Ae, the meetings of 
We Hour Lines #pon that laſt Phane ſhall be e- 
Wually diſtant by order from the meeting of the 
{line drawnby CA; that i to ſay, that the firſt 
We one ſide ſhall be as far diſtant as the firſs on the 
Wther ide , and that the ſecond hour on one ſide ſhall 
- as much as the ſecond hour ou the other ſide, and 
Wofollowing in order; therefore the Line E Ae 
ſich is on that Plane , meets the parallel Hour 
Wine at equal diſtance by order , both on the one 
1d the other ſide of the Point A, which was to be 
ſeemonſtrated. 


Ie 
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We may conceive the Plane that paſſes by E Ae; 
os the Plane of a Dial which has no Center, 
upon which all the Hour Lines are parall:l; to 
one another and to the Axis; and that the 
Hour Line which paſſes by the Point A is the 
Meridian or the Subſtylar Line of ihe Piane ; then 
we may fee way ly that the Hour Lines that are 
on one and the other ſide of that which paſſes thro 
A , are equally diſtant from it in order , and by 
conſequence if we draw a ſtrait Line any way upon 
that Plane , the meetings of the Hour Lines both 


on the one ſide and onthe other of that which paſſu] 


by A, ſhall be at an equal Diſtance from A. 


TIT 


CH AP. IV. 


To draw the Parallels of, the Twelve 
 Sgns. | 


Fig. 2.4. | aha draw the Line {c and /@ | 
| Right Angles to it at the' Point /, 
make the Angles aſd, aſk, each 23Degrees 30] 
Minutes, and the Angles af, 4/3, each of 20 
Degrees « 1'Minutes, and the Angles 8 /g, «ſh, 
each of 11 Degrees 30 Minutes, the Line ſs 
denotes the EquinoChial , which 1s the beginning 


of Aries and of Libra; the Line /k denotes the _ 


be. & 
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ginning of Taurmns and Virgo, [1 the begin- 

ing of Gemini and Leo', { k the beginning of 
ancer , which is the Tropick of the ſame S:gz ; 

g the beginning of Scorpio and Piſces, {f the 

egmning of Sapittarires and Aquarizs , { d the 

ginning of Capricorn, which 1s the Tropick of 
ne ſame Sp. 

& If the Center of the Dial be towards the Novib 
i regard to the Point of the, Style, make ſc e- 
ua! roSCof the Dzal, whnch is the diſtance 

Wcrween the Pont of the: Sryle:and the Center, 
ut if the Center be towards the South, in reſpeCt 
: thi, Porn of the Styl2, make { c upon c { pro- 
dng«' on the other lide of the Point /.' 

Then to find the Points of the Parallels of the 
19ns upon the Hour Lines; as for Example, On 

& Line of Mid-day ,' you muſt take the diſtance 

XII from the Point of the Style S to the Pont 

[I, which is the Interſec0n of the Line of Mid- 

ay with the EquinoChal,and ſer it from ſto'12 

Pon the Line /a', and having drawn the Line 

12 which cuts the Lines of the Signs in: the 

onts d, f,g, b, i, k, then we tranſport 

fe Intervals 124, 127, 12k, 12g, 12f, 

24, inXIIH, XIII, XIIK, XIIG, XB4F, 

HD, onthe one and other fide of the Equinos 

tial Line,as they are on the two fides of the Line 


And after the ſame manner having found the 
her Points upon each Hour Line, and likewitc 
i the halvesand quarters,or other Lines coming 

| | from 
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from the Center , we draw by all the Points 
which belong to the ſame Sign , the Line of the. 
Parallel of the Sign , and ſo for cach of them in | 
particular. | 

Bur if we have not the Interſe&tion of the Equi- 
noctial Line upon the Hour Line, on which you | 
would have the Points of the Signs, in that caſe 
you may have always the Center of the Dzal ; | 
therefore it itis,that having taken any Point, asR | 
on the Hour Line, and having made the Triangle # 
c {r onthe Baſe c ſ equal , and like to the Tri- Þ|- 
angle CR S onthe Baſe CS, and tHe Linecr 
being continued it 1t be neceflary, ſhall meet 
with the Lines of the Signs in thoſe Points, 
which being ſet on the Dzal, in obſerving from 
the Pozyt C which is the Center, the ſame Dt 
ſtances which they have from the Point c. 

Bur zf we have not the Center of the Dial, we 
may always have the Equinoctial Line ; therefore, 
having taken ( as for Example) the third Hour, 
on which we would have the Paints of the Paral- B,/. 
lels of the Signsi, then having taken the Point R |. 
at pleaſure, and having mark'd /2 on the Line | 
ſe equal to SIIH, which is the diſtance berween Þ.... 
the Point of the StyleS, and the Point where the | 
Line of the third Hour propoſed interſects the | 
EquinoCtaal Line ; on that Line ſ3 for the Baſe | 
let the Triangle ſ'2r be made equal and like to 
the Triangle STII R,which has S III for its Baſe ; 
and draw 7 3 prolonged, which ſhall interſect 
the Lines of the Signs in Points which are to be 
E tran{- 


Evo 


transfeted to the Line of the Third Hour , as we 
have taught here before, 

' "The Conſtruction of this PraQtice is fo plain , 
har it needs no Demonſtration , for it is ealie to 
te that the Plane c[ 12 is the ſame with the 
Plane of the HoarCirch CS XII, and fo of the 


=: - ; 
A part of an Arch of a Sign being given, which 
is Parallel to the Equator , we may deſcribe thar 
Arch'by the Praftice of the following Chapter. 


et 


CHAP. V. 


he Equinotial Line being given, we 
may draw a Parallel io it by a 
Point given on an Homr Line. 


ip. 2.5. JH EquinoQtial Line AG 1s given , 
| and the Hour Lines a A, PB, cC, 
D, &7:. which -interſe&t the EquinoQial in the 
Points AB C D, &c. and the Pont P on one of 
he Hour Lines is alſo given, by which it is re- 
quired to draw a Parallel to the Equator. 
- By the PozntP, and by the Point A, on the 
Equino&tial, the Point of the Hour next toB, on 
which is the given Point P,, draw AP meeting ' 
with 
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with the next Hour to PB at the Point c , ther 
draw c E, fo as the Points E and A may be. 
ly diſtant from the Hour cC; the interſe 
Qtion d of the Line c E With the Hoar LineD/ 
ſhall be one of the Points of the required Paral 
lel; after the ſame mariner we find another Por | 
Ts and ſo'of the reſt, : 
But here 1t is to be obſerved , that if thenll 
be only whole _ on the Dial, we ſhall na! 
have the Points of the Parallel but for every of 
ther Hour ; and if we have the Lines of el 
half Hours, we ſhall have the Points of- the Pa. 
rallel from Hour to Hour 5 and fit we-bave the 
Lines of theQuzrter of Hours , we ſhall have 
the Points of the Parallel from Half Hour to 
Half Hour, and ſo of the reſt; forif AP mea! 
the Line of the half Hour ſb at "the Point [, bet 
ving drawn, {D fo a8 bD and b & may te| 
equal , {D ſhall meer the Hour Line c C at the 


EIT 


Point K, which is as far from ſhas P B, the Point 
K ſhall be one of the Points of the Parallel, j 

If inſtead of the EquinoQtial Eine we have ont | 
of its Parallels, that parallel being given, we | 
do the ſame thing as if 1t were the EqumoCtial 


Line. 


Demon- 
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-Pemonſtration. 


The ſtrait Lines on the Plane of the Dial repreſent 
greatCireles of the Sphere,therefore it is that the two 
great Cirches _ ſented by CA and 7 CE, which 
are equally inclined to the Hour Circle c C, becauſe 
that C A and C E are equal, meeting PB and 

Dd, which are equally diſtant and equally inclined 


toCc, inthe Points P and d, equally diſtant from 

the EquinoGtial Line B D, therefore P and d ſhall 

bein one and the ſame parallel to the Equator, and 
b of the other Points. F 


CHAP. yl. 


To draw the Italian and Babilonian 
Hours upon an Horizontal Plane. 


Fig, 26. THe AſtronomiqueHours being drawn 
on the Dial whoſe Center is C, and 
the Meridian C A and V A the Equinotial Line, 


WcE being divided into two equal parts in A, let 
the Points 6, c, d, e,f,g, h, &c. of a Parallel to the 
Equator, be found on the Hour Lines by the Pra- 
Clice of the fore-going Chapter , whick Paral- * 
lel paſſes by the Point A. 


The 
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The Line A 12 parallel to the Equinocty 
ſhall. be the Lineof the 12th Italiaz Hour. 
| The ftrait Line bVII, which paſſes by t 

Point of the Seventh Hour in the Morning of th 

Equinoctial, and by the Point of the Firſt Ho 
afrer Noon of the Paralle}, ſhall be the Line « 
the 13th Falian Hour. | 

The ftrait Line c VIII which paſles by « 
Pointof the Eighth Hour in the Morning on th 
Equmotdial Line , and by the Point of the {| 
cond Hour afrer Noon of the Parallel ſhall bet 
' 24th lakan Hour ghe ſtrait Lane d IX, which pal. 
ſes by the Point of Nine in the Forenoon on th 
 Equinoctial,and by the Point of Three in the / 
ternoon on the Parallel, ſhall be the i 5th Italis 
Hour , and ſoot the reſt ; there being always Sit 
Hours diſtance between the Hour of the Equing. 
Ctial and that of the Parallel, _ «+ 

The Babylonian Hours are mark*'d after thi 
fame manner, but only that which 1s done or 
one fide of the Meridian for the Italian Hours, 1 
made on the other fide of the Meridian for the 
Babylonian Hours, and they are counted after an] 
other manner ; as for Example, the ſtrait Line 
that paſſes by the Point of Mid-day of the Equa 
tor , and by the Point of the Sixth Hour in the 
Morning of the Parallel, is the Sixth Babyloni 
gr Hour ; that which paſſes by the firſt Hour At 
teraoon pn the EquinoQtzal, and by the Potyr dl 
the Seventh Hour inthe Morning on the Paral 
ll, ſhall bethe Seventh Babylonian Hour, an 


[ 8: ] 


5 follewing , ſo as A 12 parallel to the Equator 
all be the 12th Babylonian Hour tor the Hori- 


Demonſtration. 


Fig. 27. If we imagine a Parallel to the Equa- 
or, which paſſes thro the Inter ſedton of the Meridi- 

and Equator , it is evident that the Horizontal 
Circle ſhall touch that parallel at the Point where 
the Meridian Circle cuts it ; and if 2e conceive 
that the Horizontal Circle be faſtened 2vith the 
Parallel and the Meridian , then when the Me- 
ridian hath advanced 15 Degrees on the Equator 
n going according to the Motion from the Eaſt to 
beWeſf., the Plane of the Horizontal Circle in 
bat Poſi:ion , ſhall mark the firſt Italtan Hour or 
Whe Weſt part , and the fir(t 99 ng Hour 07 
be Eaſt part ; and thenwhen it tgth advanced 15 
degrees more , the Plane of the” Horizontal Circle 
all mark the ſecond Italian and Babylonian Hour, 
nd ſo on-; ſo as then whenit z arrived tothe 12th 
wr, the Meridian Circle ſhall be found inits firſt 
Poſitions , for it has made half a Revolution'; "bus 
the Horizon that cuts the Plane of the Meridiars at 
Upbt Angles, ſhall be found in a Poſitron oppoſite 
0 that wTich it had at firſt ; that # 10 ſay , that if” 
$ H be the meeting of the Horizon with the My- 
idian, $ Cthe Axis, CE the Plane of the Dial 
darallel to theHorizon ; after that the Meridian hath 
aſſed over 12, Hours of the Equator , or that S H 
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has puſſed over 12, Hours of the Parallel ; the Line © 
S H ſhall-fall in12S A: So as the Angle Iz'S C þ 
ſhall be equal tothe Angle HS C therefore C SA | 
ſhall be an Equicrural Triangle ; and ſo allo the © 
Triangle $ A E ſhall be Equicrural, S E being the || 
meeting of the Equator and Meridian ; therefor | 
SA is equal to A C andA E both together ; therefor | 
CAand AE areequal: But CE repreſents th, | 
Meridian of the Horizontal Dial , — km C. 5; 
the Center , E the Interſe&tion of the Equinottial ,” 
and A the Interſettion of the 12th Italianor Babylo-# 
nian, which muf# be +> mage" to the Meridian; 
for in that Poſition the Plane of the Meridian z re-Þ 
rarn'd to its place, and the Horizon which has tt Þ 
changedits Inolination which it has ith the Me-|| 
_ ridiawremains always at Right Angles to it. There || 
fore it ſhall. interſe& the Plane of the Dial in « Lin| 
nf emis" tothe Meridian, the Plane of the Di 
al being parallel tothe Horizon in that firſt Poſition, |; 
and that Line eught to paſs thro the Ppint A of thi 
Meridian , which divides the Line C E into tw. 
equal parts, EE: :x.: 
. Tf we conceive a Cone which has for its Baſe th 


I» 
7 
: 


wh 


Parallel ro the Equator H 12and for its Vertex th 
Center of- the Sphere, the;Seftion of that Cone 2h | 
zhe Plane of the Dial, ſhall be the repreſentation if | 
that Parallel, but the Plane of the Dial & parallel 
#0 0nc of the Planes,which touches the Cone ; there- 
fore the Sefton ar the Repreſentation of that Parat: 
Jl ſhall be @ Parabola. : 3 1. 2M 


| And 
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And ſeeing that all the Planes of the Italian and 
Babylonian Hours are alſo the Planes which rouch 
'hat Cone, the Lines of thoſe Hours ſball touch the 
Parabola which # inthat SetFion, 


CHAP, VII. 


Ty draw the Italian aud Babylonian 
Hours , 04 a Plane which # not Ros 
rizontal. | 


Fig. 2.8. He Aſtronomique Hours being de- 
ſcribed , and the Horizon R H 
which is one of the Hours required, heing drawn 
on the Plane of the Dial with the EquinoQiial 
Line, we draw a Parallel to the Equator 4,b,R, e, 
{;g, which paſſes by R the Interſeion of the 
Horizon , with any Hour Line, as in this Exam- 
jk, with the Hour Line of II, by the PraGice 
Þ ofthe 5th Chapter. And ſeeing that the Horizon, 
| which is the Line of the 24th [ral;an Hour,inter- 
ſe&s the Parallel in R, at the Point of the Second 
Hour after Noon, and the EquinoCtial Line at the. 
Point of the Sixth hour after noon the Line of the 
fiſt Iralian Hour ſhall paſs by the Point e of the 
Parallel, which is the "Third, Hour atter Noon,and-- 
by the Point of the Equinoctal ; the Line of the 
Second Italian Hour ſhall paſs by the Point f.of the: 
« G4 Paral- 
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Parallel, which 1s the Fourth Hour, and by the 
Point of the Eigth Hour on the EquinoCtial Line; 
and fo of the reſt we find all the Points by which 
the [talian Hours onght te paſs ; ſo as the Eigh- 
teenth [taliay Hour paſſes always by the Point 
ot Mid-day of the EquinoGtial Line, and by a 
Point of the Hour of a Parallel , which ſhall be 
ſo far from the Point of Mid-day as the Point R 
of the ſame Parallel , which is the InterſeCtion of 
it with the EquinoCtial Line, is the Point of the 
Sixth Hour after Noon , which is in this Exam- 
pleat Four Hours diſtance , ſeeing the Point R is 
an Hour of the Afternoon, 


Fig. 29. But if the Point R, by Which the Pa- 
rallel to the Equator is deſcribed, were the Inter: 
ſection of an Hour before Noon ; we muſt con- 
{ider that thar Parallel ought to meet alfo the Ho- 
r1zon in a Point of an Hour , which is ſo far from 

Noon, as that is by which we have deſcribed it; 
- for Example, If the Point R were the Interſectr 
on of Nine in the Morning with the Horizontal 
Line, the Parallel to the Equator defcribed by 
the PointR, ought to meet the Horizontal Line 
in the Point H, which is upon 'an Hour Line, 
ſo far diſtant from Noon as is the Point R ; that s 
to fay, that the Point H ſhall be rhe meeting 
the "Third Hour after Noon with the Horizontal 
Lane; and the Line of the 24thltalian Hour,which 
1s an Occidental Portion of the Horizon, ought 
to beraken fromthe Point of the Third Hour g 
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the Parallel with the Peint of the Sixth Hour afre 
Noon of the Equator, and in counting as we have 
done before, we ſhall find that the Firſt 1- 
talian Hour ſhall paſs by the Point of the Fourth 
Hour on the Parallel , and by the Point of the 
' Seventh Hour after Noon on theEquinoCtul ; and 
that the Line of the Second Italian Hour ſhall paſs 
by the Point of the Fifth Hour of the Parallel, and 
by the Point of the EighthHour of theEquinocti- 
al, and ſbon; and wedraw only thoſe that are 
viſible, for the others are of no ufe , and ſerve 
only to count and to place thoſe which are of 
uſe. 

Theſe Rules are for the Italian Hours, but tor 
the Babylonian Hours,which havefor the Twen- 
uy fourth Hour the Oriental Part of the Horizon, 
it the Parallel which 1s deſcribed by the Point R 
of the Horizon, were the meeting of the Horizon 
with the Line of the Ninth Hour before Noon, 
the Firſt Babylonian Hour ſhall paſs by the Point 
of the 1oth Hour in the Morning of the Paral- 
lel , and by the Point of the 7th Hour in the 
Morning on the Equinoctial ; the Line of the Se- 
cond BabylonianHour ſhall pafs by the Point of E- 
even beforeNoon on the Parallel,and by the Point 
of Eight on theEquinoRial,ad ſo of the reſt ; and 
if the PointR of the Parallel were the Point of any 
Afternoon Hour , we muſt take its correſpon- 
dent before Noon to begin to count the Babylo- 
Enan Hours , which is the Contrary of that 


r 
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which we have done for the Italian Hours, 
We mult obſerve, that if we deſcribe the Lines 
by the Interſections of the Aſtronomique Hours- 
Lines with the Italian or Babylonian, 1n taking 
thoſe Points of Interſeftion in order from the E-. 
quinoCtal Line , thoſe Lines ſhall be the Paral- | 
' Jels ro the Equator , which ſhall meet the Hori- | 
_ zontal Line in the ſame Points where the Hor | 
Lines meet. | 


Demonſtration, 


After that which hath been demonſtrated in tht | 
afure-going Chapter , concerning the generation | 
the Italian and Babylonian Hours , it (uffices hen 
ro explam after what manner the Horiz.ontal Lin | 
meets the Aſtronomique and Italian Hour Lines mn | 
one and the ſame Point, | 

It is eaſte to ſee that when the Horizon,which w: | 
have ſuppoſed to be faſtened to the Meridian without | 
changing its Inclination that it has with it , «| 
moved by the motion of the Meridian , that if-tht | 
Meridian adwvanceth 15 degrees on the Equator; 
alſo that Point of the Horizon , let it be what it wil 
be, © ſhall advance 15 degrees on the Park 
tel which that Point deſcribes : Therefore if 2e de- 
jcribea Parallel to the Equator by one Point of the 
Horizon , by which Point paſſes an Aſtronomique 
Hour Line, it 1s manifeſ# that all the ſame Hour 
Lines fhall divide that Parallelfrom 15 to 15 de- 
grees ; Therefore it 1s that all the Italian Hour _ 
whic 
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hich ought to paſs by the Points of the Hours of the 
Equino&tial , ſhall alſo paſs by the Points of the 
Hours of the Parallel ; and it us alſo manifeſt that 
we may draw Six Parallels to the Equator by the 
fix Interſeftions of the Horizon with the ſix Hour 
Lines 12,1, 2 3, 4 5, nd that the Italian Hours 
paſs in order by the Points of the Hours of thoſe 
Parallels,;. and it alſo follows that all the Lines-of 
the Italian and Babylonian Hours ſhall touch the 
Parallel deſcribed by the Point of meeting of the 
Horizon and Meridian , and that all the Points 0 

touching ſhall be the meeting of the Aſtronomique 
Hours with the Parallel, andthat there will be al- 
Ways fix Hout's Interval between the touching 
Point upori the Parallel, and the Point of meeting of 
the ſame Hour upon the Equator ; for the Plane of 
the Horizon touches that Parallel at the Point of 
Mid-day , the which Point deſcribes the Paralltl, 


G 4 CHAP. 


CHAP. VIL. 


To continue the Deſcription of the Ttali-\) 
an and Babylonian Hours, when the | 
Parallel or the Equator is wanting | 
ou #he Plane of 3 he Dial. 7 


Fig.2.8.JF rhePoint þ be the laſt that is found oz [| 
the Parallel by meansof theEquinoGtialf} 
Line,following the Practice of the 5th Chapter of 
this Second Part,and that theLine & III be the laſt 'F 
Italian Hour which we can mark by help of that| 
Pardlle!, that Line þ WI ſhall meet with ſome As- || 
ſtronomical Hour in ſome Pointas 99, if by the | 
Practice of the Fifth Chapter of this Part we find 
the Points [7 0 of the Parallel which paſſes by »», | 
and if they be on the Hour before or after thar, on | 
whichis the Point 92; we continue to draw the || 
Lines of the Italian or Bavylonian Hours by the * 
Points of the Hours of the Parallel 9»»o , and 
by the Points of the Hours of the Equator, in + 
following the ſame order as before , andif the E- + 
- quator be wanting in uſing the Praftice taught | 
at the end of the 5th Chapter , we ſhall find the : 
Points of another Parallel by the Parallel thar is 
| g1VeE nz : 
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given , and then we may joyn the Points of th 
Hours on the two Parallels in following the for- 
mer Order. 


There ts nothing in all this that deſerves any long 
Explication , nor any other Demonſtration, than 
that 2we have given in the Two fore-going Chap- 
rs, 


CHAP. IX. 


four Aftrenomique Hours 4eing given, 
following one another an order, wit b 
the Equinoctial Line. | 

To find the other Hours. 


Fig, 30. Er the four Hour Lines following 
4 one another be Aa, Bb, Cc, Da, 

vith the EquinoCtial Line E F, from a Point a, 
en at pleaſure in one of the laſt Lines As, 
taving drawn D which cuts BbinB, and Cc 
ng; alſo by the ſame Point @, having drawn 
2C which cutsBbinh, let A h be drawn,which 
meets Cc inc, and Bg which meets Dd ind: 
et cb, cd be drawn prolonged to the EquinoQti- 
| Line to the Points E, F, the Hour Lines Ee, 
f, drawn by the Points E F, ſhall be the Ma 
1nes 
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Lines regain whereof, e ſhall be diſtant fra 
A aone Hour, and Ff fhall be two Hours fro 
D#4 : Therefore BD being prolonged to f intl 
Line F f, and Fd tol, in the Line Bb, havin 
drawn Cf which cuts Dd'inz, #z prolongs 
ſhall meet the Equinoctialin M, by which tf 
Hour Line M »» ſhall be berwoen the two Hay 
Lines D dand F f, and theſe Seven Hour Ling 
being found, we may haveall thereſt w the Pra 
ctice of the Third Chapter. 


Fig. 0x. Thereare many Caſes where "Three 
Hour Lines are ſufficient with the EquinoGtial an 
Horizon ; for Example, If we have three Hou 
Lines 4 2, 'h 3, and C 4, and the EquineCtial Lige 
24, and Hortzontal Line a c, having drawn 44, 
which cuts b 2 ind, and having drawn 2 4 whuch 
cutsc 4 inf, draw 2 c,which cuts b 5 ine,and 44, 
which cuts ex in hb; there ought a ſtrait Eine to pak 
by the three Points fb, which ſhall meet the E- 
quinoCtial in the Point g,which 1s one Point ofthe 
Hour as far from the Hour 6.3,as 1s the Hour Line 
of Six: Therefore if the HourLine be be the four 
Hour, &@ þ ſhall be the third, and g z ſhall betiq| 
ſecond ; bur in this Example, be being the thir 
Hour, 7 ; ſhall be the 12th Hour. © 

The firſt Hour between 12 and 2 is found b 
drawing g c,which cuts a2. ink, and 4& whi 

cuts the Hour Lineg*, which or drawn by 


the Point g to the Point 3, and in drawing. 2 
s.2 
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Syhich cuts g þ in », the Hour Line by the Point 
ſhall be the firſt Hour, 


Demonſtration: 


By that which hath been demonſtrated in the 
3th Chapter it « mauifeſt that the Points a and c 
Ware in the ſame Parallel; alſo that the Points b 
Wd d arealſo in the ſame, therefore the great Cir- 
Wes that are repreſented by the Lines cbE, cdF, 
re equally inclined tb the Equator , the one 61 one 
Fe , and the other on the other, but c bF has the 
Bame Inclination as a bD, becauſe of the equal 
Warts of their Parallels ac, bd; and there zs aſpace 
If three Hours between cC and F, and between 
C and E; therefore the Hour which paſſes by the 
Wont E i the next torhat which paſſes by the Point 
[, but there are two between the Points D and F. 
By the ſame Conſtruttion the Points | and f are 
In the ſame Parallel, but f ic and i1 2 repreſent 
great Circles equally inclined to the Equator , be- 
auſe of the Points land f which are m the. ſame 
Parallel, and equally diſtant from the Point 1; there- 
fore DC and D M repreſent equal farts of the 
Equator, hich are each of them an Hours diſtance 
Jrom one another. | 
As concerning that 2vbich # of three Hour Lines, 
ſeeing that by Conſtruftion the Points a and | are in 
the ſame Parallel; and likewiſe h and c,, the Lines 
th anda c which is the Horizon , repreſent Cir- 
cles equally inclined to the Equator ; therefore there 
ZS 
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5 as much diſtance bet2veen the Posnt of the Hy 
of Six upon the Equinofial and the Hour Line by 
as there is between the ſame Hour Line bes 
the Point g. We demonſtrate as before that 1 
Point n divides the interval between the HourLing 
giandak, £ 


CHAP. X, 


A Dial being given which 7s alreadl 
drawn , lo find the foot of the Style 
which did ſerve to draw it, and t 
determine the heighth thereof. 


Fig. 32.T He Line A Bis the EquinoGil 

| Line, and the Diſtance AB on 
that Line is the Interval of any fix Hours ; having 
divided A B into two equal parts inthe Pot G, 
from the Point G as a Center , on the Diameter 
A B deſcribe the Circle A,S, B, 4, f, and mark 
the Ponts d and f which divide the Semucurcle in» 
to three equal parts; AF, F Dand DB are cach 
the Interval of two Hours on the Equinoctal 
Line : the Lines 4D, f F ought to meet the 
Cucumference of the Circle at the Point S, and 
the Line SEP drawn perpendicular to the Equi- 
noctial Line ſhall be the Subſtyle. " 
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If we have C the Center of the Dia!, on the 
Hiameter CE, having deſcribed the Semr circle 
ZE , and having applied init the Line E 7, 
qual to ES: ZP being drawn perpendicular 
othe Subſtylar Line E P, and meeting it at the 
Point P , that Pomt ſhall be the Foot of the 
ile , whereofP Z ſhall be the heighth. 
| But if we have not the Center of the Dial, ha- 
ng drawn ae paralle! to. the EquinoCthal , and 
rom the Point a having drawn &@ / parallel to AS 
mich meets the Subſtylar Line in ſ, from the 
PomntE, as a Center,and Semi-diameter E S,deſcribe 
eArchz, and from the Point e as a Center and 
xemi-diameter e / deſcribe the Arch x, and draw 
x ſtrait Line x2 which ſhall touch the two 
\rchesx and, and that Line x & ſhall deter- 
nine the Inclination of the Axis to the Subſtylar 
ne, and having drawn E z perpendicular to 
:z from the Point E, and from the Point z 
he ſtrait Line z P perpendicular to the Subſtylar 
LneEP, the Point P ſhall be the foot of the 
tyle , whereof P Z ſhall be the height. 


Demonſtration. 


If we ſuppoſe the Circle AS Bd to be on the 

Fane of the EquinoGial , it is manifeſt that the 
Point of the Style ought to be one of the Points of 
the Circumference of the Semicircle ASB, be- 
| cauſe 
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cauſe the [ix Intexvals of Hours that axe on the 
Equinofial from Ato B , forthe ame AS B, in 
what place ſoever the Point S 1s, oupht to be a 
Right Angle: And alſo the Lines drawn from that 
Pont S to the Points of the Hours of the Equino&i- 
at Line , ought to comprehend equal Angles each of | 
I5 degrees in the ſame Point $ ; therefore the Arch. 
es At, fd, andd B being each of 60 degrees, 
ſhall ſubtend Angles of 20 degrees , which are each 
in value two Hours , and conſequently the Lines f F 
and d Dſhalt be Hour Lines on the Equinottial, 
therefore they meet in the ſame Point S upon the 
Circumference of the Circle which, determines the 
' Point of the Style in reſpec of the Equinottial, and 
the Line S E drawn perpendiculay to the Equinotiial 
Line , doth there grve the Point E wich as one if, 
the Points of the Subſtzlar Line ; but the Subſt: 
lar Line ought to be perpendicular to the Equinodli- 
al Line , therefore the ſame ſtrait Line $ E P ſhal 
be the Subſtylar. 
The Axis ought to make a Riobt Angle with the 
Plane of the Equino&1:al , therefore the Line ES 
which is equal to that 1hich ought to meet the Axi 
on the Plane of the EquinoGial, ought to make 6 
Right Angle with the Axis. x 
Therefore if 2ve have c the Center of the Dial,ond 
if we deſcribe the Semi-circle C Z, E, applying E Z 
equal to E S in that Semi-circle ,, it is eaſe that 
C ZE ſhall bea Right Angle , and that the Lint 
C Z, repreſents the Inclinatton of the Axis tothe Sub- 
ftrlar LineCE , and that the Point 2. repreſent 
$116 
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the Point of the Style which has ſerved to draw the 
Dial : Therefore Z P which zs drawn perpendicu- 
rntoCE, ſhall bethe height of the Style , whercof 
the Point PB ſhall be the foot. + 

| But if we have not the Center of the Dial, ir 
|; manifeſt by Conſtruction that the two Lines FE $ 
[eſhaving one of their extreams in the Points E e, 
be other will be had mihe Axis, if the Line that 
ſons the two laſt extreams be perpendicular to thoſe 
wo Lines which ought to be parallel; but it 55 alſs 
wident that the Line x 7, which touches the 1995 
frehes of Circles which have for their Semi- diame- 
rs E S, ef, ſoall be perpendicular to the two trait 
Lines E, 7, e X, whico come from the Center to the 
 Iruching Points ;, therefore the Line x 7, gives the 
Inclination of the Az tothe Subſtylar Line, and 
the Line 7, Þ drawn perpendicular to the Subſtyle , 
ſhall determine the height of the Style , whereof Pp 
ſhall be the foor. | 


CHAP. 


CHAP. AL 
To place the Axis. 


JF we would have the Hours ſhewn only by the 

ſhadow of the Point of the Sryle , we oughtto 
make and to place the Style after ſuch a manner 
as may ſerve without changing of it, 

We may give1t divers forms, but one of the 
beſt is, to make It waved to the end, that the Shz- 
dow thereot may not unite with the Hour Lines 
in any place, and that we may always know that 
it is but only the Shadow of the Point that ſerves 
to ſhew the Hours. " | 

Bur if you would have a portion of the Axis to 
ſhew the Hours, and that the Axzs be repreſent- 
ed by an Iron Rod, the Style we have placed 
ought to have thePoint very ſmall, that it may en- 
ter 1nto alittle hole made in the Rod , ſo as the 
Point of the Style may exactly anſwer to the mid- 
dle of the thickneſs of the Rod ; the Style may 
remain, if you would have it , to ſup port the 
Axis; butif the Axis be not very long, and if 
it be ftrong enough to ſuſtain ir ſelf alone being 
| faſtered 
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faſtened at one end, we may take away the 
Styls when the 4x is fixed on the Surface of 


| the Dzal. Werhay do the ſame, if we faſten to 


the end of the Sryle a Point of ah Tron Iyer , 
which there may be very ſmall, and may rake 


I away bur the half of the thickneſs of the Rod , 
1 ſo as the Dzal being drawn to that Poznt, there 


s nothing to be done but ro take it away to 
place the Axis, whereof the middle of the 
thickneſs ought ro anſwer to that Point ;. there- 
fore whether the Sryle remains to uphold the 
Axis, or whether we take it away when the 
Axisis fix'd in its place, we muſt faſten it to 
the end of the Style to flay the end thereot, 
which ought to anſwer tothe Center of the Dial 
iFir have any. 


' Fig. $3. We may make the Rod which ſerves 
for the Axis as it 1s marked in the Figure', ſo as 
the hole ſignified by A may be made to lodge 
the Point of the Sryle', and that it be letin as 
far as the middle of the thickneſs of the Rod, the 
Point B which anſwers alſo ro rhe middle of 
the Rod, ought to be applied exactly to the Cen- 
ter of the Dzal, this Rod being fo ſtayed ar the 
Point B and at the Point A, we mult faſten the 
Foot C on the Plane of the Dzal, 

But if you would not havea Foot to the Axis 
as G, and that you would only fix the Rod to 
the Center of the Dial, you muſt draw di- 
vers Lines which may paſs by the Center of 

| H the 
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the Dzal , and ſtay the Rod on the Point of rhe 
Style A, and by any other place, fo as the end} 
may enter in a hole made in the Plane of, the Þ 
Dial at the place of the Center , may be divided | 
bythe middle of its thickneſs by each Line that 
paſſes by,the Center, b 


Fig. 24. Alſo we,may make uſe of athin Plate 
which muſt be cut according to the, Inclination 
of the Axis with the Subſtylar Line; it muſt be 
ſet perpendicularly on the Plane of the Dzal, in 
applying one of its ſides to the Subſtylar Line, 
and the other ſide paſſing by the Point of the 
Sty/2 ſhall ſerve for the Axis. If you would draw 
on the Plate a perpendicular Line to that fide of 
it whichis applied to the Subſtylar Line , and 
equal to the height of the Sryle, the' which ſhall 
repreſent the Style, ſoas the end- of that Line 
meet with the other fide of the Plate, that Line 
when the Plate ſhall be ſer im uts place , ſball an- 
ſwer to the Style, See here divers Figures of | 
theſe ſorts of Plates with their feet tofaſten them 
on the Plane of the Dial, 


bk awe 


CHAP. XII. 
To Draw Dials by Refleffion. 


T® make a Dial that ray ſhew the Hours by 

the Refle&tion of the Light of the Su, you 
muſt make uſe of a ſmall piece of poliſhed Met- 
tal very even and flat; of a round form, and of 
abont an Eighth part of an Inch in Diameter ; 


| and having placedit , and faſtened it in a-place 


| ver ſtable and movable, we mark the Points 
of Light on the Plane where we intend ro draw 
| the Dzal , which ſerve inſtead of the Poznts of 
_ the middle of the Mirror or Glaſs ov oht 
[to be conſidered as the Point of a St: ze, whereof 


we find the foot in drawing trom the middle of 


Ithe Glaſs a Line perpendicular to the Plane of the 
| Dial, the Point where this Line mects with the 
fPlane of the Dial , ſhall be the Foot of the 


IStyle. 


We may find the Subſtylar Line, the Equi- 
noctial Line, the Center of the Dial and Me- 
ndian by the practices , Where we make no uſe 
d the Horizontal Line , nor of the height of 


the Pole, 
H 2 Having 


F 
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Having found the EquinoCtial Line, and the 
Point where the Meridian Line interſe&s ir, we 
draw the Hours, following the Methods of the 
Second Parr of this 'Treariſe. 

Here ir 1s to obſerved thar if the Inclination of 
the Glaſs be never ſo little changed , all the 
Dial will be conſiderably changed. Therefore 
theſe ſorts of Dials do very hardly remain many 
years in a good Condition ; for there always 
h1vpens ſome alterations to the Wall on which 
they are fixt. | 

Bar if in place of the Glaſs we fill ſome ſmall 
Ve<Hlel either of Glaſs or Potters Earth, of about 
an Inch in Diameter , with Water or Quick Sit- 
ver , that Veſſel being pur upon a place marked 
on ſome Tranſum of a Window or the like, ſo as 
you may always ſerit in the ſame place again, if 
you. would takeit away, the Refleion of the 
Light trom the Water or Quick Silver , ſhall 
g:verhe Hours on the Dial of which we muſt 
draw the Lines, as has been taught in the Firſt 
nd Second Part of this Work, in obſerving ons! 
ly that the middle of the Superficies of the Water ſe 
or Quick Silver, ſerves for the Point of the S1yle, es 
and thar the Operations which.are made on the 
Horizon below tor the Dials, which gives the 
Hur by theShadow of a Point , ought to be' 


m ide on the Horizon above, and that which 1s | 


nr:ade above in thoſe Dzals, in theſe Dzals to 
b: made below, | 
CHAP. Fhi 


CHAP. XII. 


c<y:erning the- Table of the Suns De- 
clination, and of thoſe of t he Pifſe- 
rence of Meridians of drivers con fl- 


'derable places in reſpett of Paris. 


He Tables of the Declination of the Sun 

which are at the end of this Work, is calcu- 

ed for the Meridian of Pars, and for each 

at Noon, on the {ide are the Differences be- 

een the Declination of one day and that of 

"Fe nextday following ; they are made for Four 
Wears following one another, The Firſt Year . 

Fgins an 1681 , whichais the Firſt after the Bi/- 

1-Wx7zle or Leap Near , the Second 1s the following 

"Wear 1682,, the Third is 1682, and the Fourth 

ear 1684. , is Biſſextile or Leap Year. 

'Then afterwards there follows a Table of the 
ie Pifſerences of Meridians of the principal places 
c pf the Earth in reſpect of Pars; it is calculated 

Þ Hours and Minutes, and it ſeryes to find the 
eclination of the Sun in all thoſe places at any 
our propoſed, There is alſo another Table 

F.Fthich 1s joyned fothat, in which we may find 
I i H 4 the 
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the Latitnde or Height of the Pole of the ſam 


laces. 
We begin the Days in theſe Tables and in the 
following Calculations, from each Day at Nooy, 
' and continue it to the next following Day at 
| N-1on, and we count the Hours to 24, ſoas the 
Third Hour in the Morning of any day pro- 
poſed, is the Fifteench Hour after Noon ot the 
preceding day. | 


"KULE © 


To continue the Tables of the Sung 
Neclinaiion, 


F you would have the Declination of the Sun 
*” for the Years following thoſe that. are calcu: 
lated, you mult add ro the Declination increaſing 
of each day, and ſubſtract irom the Declination 


decreafing after Four Years fully paſt, one Me]; 


nute for 22 Minutes of Difference , balf a Mi- 
nute for 16 Minutes of Difference, a quarter of 
a Minute for 8 Minutcs of Difference, and ſoot 
the reil 1n proportion, 


- - 8 
< 


1 
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| Example. 


If you would know the Declination of the Su; 
for the* 5th of January at Noon for the Year 
1685, which 1s the Firlt Year after the B:ſſex- 
tile or Leap Year, and isthe Fourth tnat follows 
to the Year 1681, whereof we have the Cal- 
culation in the Table. , I find that the Difference 
between the 5th and 6th of January 1001, is 
12 Minutes , and the Declination is decrea- 
ſing ; therefore I ſee that there maſt be ſubſtra- 
Qed about } of a Minute from the Declination of 
the 5th of January 1681, the which 1s 20 De-, 
grees 58 Minutes ; and weſhall have 2o degrees 
57 Minutes } for the Declination of the Sun the 
Fth of January at Noon in the Year 1685; if 
there be Eight Years paſſed between the Year in 
which you would have the Suns Declination,and 
that which anſwers to it in this Table , that 1s 


-| tofay . that which is equally diſtant from the 


Leap Year, you muſt double this Correction ; if 
it be 12 Years, you muſt triple the Correction, 
and ſo forth, | 


RULE 1L 


To find the Declination of the Sun at 


all Hours of the Day. 
FAving found in the Table of differences of 


the Suns Declination , the difference of the 
Declination of the Sun between the given Day 
and the next following Day , take the part pro 
portional of that Difference anſwerable to the 
given Hours, which we add to the Declination 
of the ſame Day if itincreaſe, but ſubſtract it if 
it decreaſe. "0 


Example. 


As to know the Declination of the Sun on the 
15thday of Marchat 4.2 Clock inthe Afternoon 
for the Year 1682 , I find in the Table that the 
Difference between the 15th and 16rh day is 2} 
minutes and 7 (for there 1s ſometimes 2.4. minutes 
and ſometimes 2.2 minutes) and the Declinatzon 
of the Sun for the 15th of March at Noon in the 
Year propoſed 1682, being 1 degree 59 mi- 
nutes, to which here muft be added the . pro- 
portional 


I©5 } 

tional part of the OY for 4 Hours,which 
is the {ixth part of 2.4, Hours; therefore yon muſt 
take the ſixth part of 23 minutes and }, which 
i5about 4 minutes , which being added to the 
Declinarton found I degree 59 minutes, be- 
cauſe the Declination increaſes, and we ſhall 
have 2 degrees 23 minutes, the Declination in- 
Crealng on that Day at the required Hour ; but 
if the Declination were decreaſing , we muſt} ſub- 
ſtrat the part proportional of the Declination 
found 1n the Table. 

This ought to be underſtood of the Declina- 
tions of the Sun for the Meridian of Parzs, as 
we find them im this Table, but for other 
places onthe Earth, they are to be reduced ac- 
cording to the followmg Rule. 


RULE I. 


To Inoww the Declination of the Sun at 


a gruven Honr in any place ihat u ſet 
down in ihe Table. 


Je Table of Differences of Meridians of 
places which are here ſet down 1n reſbeCt 
of Fars with the word add or ſubſtra# ſhews 


, 
how 
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how much later or ſooner it is Noon at Parz 
than at that place ; the chief uſe whereof is to 
know. the 'Declination of the Sun at a given 
Hz3urin any place ſet down in the Table. 

Therefore if you would know the Declinati- 
on of the Sux ata given Hour in any place that 
15 in the Table, you mult find the Difference 
of its Meridian in reſpe& of Pars, and joyn it 
to the given Hour , if there be addafter it, and 
it the Sum exceed 24 Hours, we take the over- 
plus in the next following day to that as was 
given; burif there be found ſubfract , we take 
that Difference of Meridians from the Hour pro- 
poſed ; bur if the Hour be too little, add. 24, 
Hours to it, and then ſubſtrat, and the re- 
mainer ſhall be attributed to the fore-going 

Day. 

Having therefore found this Sum or Difference 
of Hours, we find the Declination of the Sur 
for that Hour at Paris by the Second Rule, and 
you ſhall have that which you require for the 
given place. 


Example, 


If we would know for Rome the Declination 
of the Sun for the 2.2th day of Auguſt 1682, at 
4 a Clock in the Morning, | 

Firſt, Becauſe the Hour . propoſed is in the 
Morzing,, Ireduce it to 16 Hours after Noon 
on the 21th day of Auge/f, and having found - 
the 
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the Table of BOY dun of Meridians, that for - 
Rome | muſt ſubſtra&t 4.7 minutes, therefore I 
take 47 minutes from 16 hours, and there re- 
mains 15 hours and 13 minutes after Mid-day 
on the 21thof Auruſt 1682; and by the Second 
Rule I find that the Declination for that day and 
that Hour is at Paris 8 degrees and 15 minutes, 
which is that which was required for 4. a Clock 
in the Morning the 22th day of Auguſ# 1682, 
at Rome. = 


Another Example. 


It you would know for Peking in Chins the 
Declination of the Sun at 2 a Clock inthe Morn- 
ing on the 25th of July 1684. 

Firſt, becauſe the Hour propoſed is before 
Noon, I reduce it to the fore-going day , which 
will be the 24th of Fuly ar 14 Hours after 
Noon, and I find in the Table ot Differences of 
Meridians, that for Peking I mult ſubſtratt 7 
hours 45 minutes, the which being ſubſtraCted 
from 14 hours, there remains 6 hours 15 mi- 
nures ; therefore I ſearch by the Second Rule the 
Declination of the Sun for Paris on the 24th 
of July , at6a Clock 15 minutes after Noon, 
in the Year 1684., and I find 17 degrees, and 
about 1 23 minutes which 1s theDechnation of the 
Sun tor Peking on the day and hour propoſed. 


LAno- 
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Another Example. 


I would know at Quebec the Declination of 
the'Sun on the 25th of March 1683, at 10 a 
Clock in the Morning , which being reduced, 
will bez2 Hours after Noon on the 24 of 
March, and I find inthe Table that I muſt add 
for (Quebec 4, Hours 36 minutes, therefore we 
have the 24th of Marchat 26 Hours. 36 mi- 
nutes, or the 25th of March at 2 a Clock 36 
minutes afrer Noon, For which time 1n the 
Year 1682, I find the Suns Declination to be 5 


degrees and about 3o minntes, which 1s that for 


(Quebec on the day and hour required., 


An 
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An ADV ERTISE MENT 
concerning the Figures. 


Ee you muſt obſerve that the Dials drawn 
in theſe Figures , are not made expreſly for 

any place ; for 1t 1s1mpoſlible to make the Mag- 
nirude of the Lines which we muſt uſe equal to 
thoſe that are here drawn: we ought only ro fol- 
low tte Precepts, and not to meaſure with the 
Compaſſes the length of the-Lines, to ſee if 
they agree : For Example, altho we ſay make 
the Line a/ equal to AS, yet theſe two Lines 
are not equal in the Figure , becauſe thar ſome- 
times one of the endsof the Line ASasS being 
the Point of the Style which-is not in the Plaze, 
| the apparent Magnitude of that Line 1s not the 
true Magmrude , and it alſo happens often-times 
that the Lines of the Figure anſwers not among 
| themſelves according to the Diſcourſe which was 
done to order the place of the Figures: itis ſufh- 
cient to obſerve well after wbar Manner, of what 
| Mag- 


Magnitude , and in what Angles we preſcribe 
to draw the Lines Without depending on the 
Figure which ſerves but to help the Imagina- 
tion, and to guide you inthe Operations, ſeeing 
that it is almoſt 1mpoſſible ro meet with two. 
like Dials among a great number which we make | 
on the Planes propoled,as it is found ordinarily. | 
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| ADVERTISEMENT: | 


Have begunto travel for the Impreſflian of an 
| | intire Work of the Conique Sefions, where 
you ſhall find not only all the moſt excellent 
things has been diſcovered in this patt of the 
Mathematicks, but. alſo a great number of new 
Properties which T have diſcovered , and where- 
of I have publiſhed every one upon different 
occaſions. 

The Method of. the Principal Demonſtration 
is particular tomy ſelf, and I haveuſed it to a- 
bridge very much this Whole Work ; I have 
given an Effay of this New Method ; which I 
cauſed 'to be Printed , concerning the Conique 
Setions In the Year 1675, 

" See here in few words the order 'of theſe 
Books and what they contain. 

The Firſt Book contains the Lemma's that are 
neceflary for this Method.” | 
' The Second contains the original of the Three 
Conique Seci1025, with the Properties of their Dia- 
meters , and all that which depends on 2 Line 
cut harmonically or into twe equal parts, the 
original of the Aſymprotes, and in the end di- 
{ vers Problems depending on theſe Principles. 


The 


The Third explains the relation of the Ordingr? 
Lines to their Diameters, with the Re-angles 
of the parts of the Diameters, Parameters , and 
_ _ p—_— the Tangents. | 

ourth makes that appear which is 
conſiderable touching the oo totes. _ 
. The Fifth Book is fild with near} 4.5 moſt 
—_— upon the Conique Seftjons, 
In the Sixth Book is tteated of equal and 
Ike Sefions. __ 
| The Seventh is continued all along on that 
which is called the leaſt and greateſt. 
The Eighth treats of the Foci of the Three 
Secjtons. | | 
In the Ninth Book is taught certain , moſt 
plain , and moſt uſeful Methods for the De- 
ſcription of theſs Sefzons. , NS 
Then I ſhewyou in an Appendix after what 
manner we ought to reſolve the Conique Seci- 
ons that have for their Baſes, Paraboles, Hyper- 
boles and Elipſes , and alſo all Cylinders of the 
ſame Spectes.. ; ; s bo Loo 
Aﬀcerwards I demonſtrate that by the ſame - 

Methed , and without difficulty, we may de- 

monſtrate all the Properties of the Conique Se- 

H#ions of whatſoever . compounded kind they 

are , I draw them from their Cones or Pyra- 

»ids, which I diſtinguiſhed by Cones ol the 

firſt kind , of the ſecond kind, of the. third 

Kind, &c. Theſe forts of Coxes have for their 
Bofes Gircles of all theſe kinds, and then ha- 

ving” 


ving explained after what manner we may render 
all che Lemms's of the firſt Book univerſal, ] ex- 
plain in the ſame manner that which is the Se- 
cond Book, and in one part of the following the 
Seftions of all Cones of any kind. 
| + The Demonſtrations are the ſame as for the Se- 
:* ons of the firſt Cone, which is that which has the 
"Circle of the firſt kind for its baſe : After that I 
ſee not any thing that we can deſire more univer- 


fal, nor mere caſte onthis ſame Atiere, 


The Approbation. 
Hh Treatiſe of the Giomitbes , 


* | or the Art of Drawing of , Sun 
Dats.,, compoſed by. Mr. De.la Hire, 
hath been read to. the Afſembly of the 


Academy Royal of Sciences, made 


the 9th of May 1682. 


J. B, Du Hamel Jecretary of the 
Acueny of Sennees. | 


—_— "a 


ns —— — —_ _ 


_ FF Ec Approbation ſcen, per- 
2 mutred to be Imprinted, | 


. madethe 23thof May 1682. 
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Squgh, and that PB the Diſtance of the Point B, 
v5 . A 


becauſe he has given no particular Example of 
thought good to add this Example following: 


HS 


for Drawing Sun- Dials on Fixed Planes 

s univerſal. The Infrawents that are 
uſed to perform the Pratizce thereof are only a 
Plain Scale and a Pair of Compaſſes for finding the 
Subſftjlgr and Equinottiol Lines on the given 
Plane, with the fituation of the Ax of the S!yte 
in reſpect of the ſaid Plane , the Obſervations be= 
ing made by the Sus from {everal Shadows of the 
Point of a Fixed $ty]e ſerupon the ſaid Plaxe.And 
by a Level and Plumb Line tor finding the firuati-- 
on of the Aderidian and Horizontal Lines of the 
Place on the Plaxeof the Dial; which Praice of 
Dialling he chiefly demonſtrates from the Inter- 
fftions of Plazes, the Dodtrine whereof iis con= * 
tainedin the x 2th Book of Eacdlid's Elewonts, And 


T His Geometrical way of Mr, Delis Hire 


this general way of Dialling in this Trestiſc,lhave 


A puruoular Example of this General Mothod 
of Diaffmy Hluftrated by Numbers. 

There wa Style fix'd on a Fixed Plane, whoſe 
perpendicular height is SP. x inch 64 parts, or 
I 64, parts, Now, the S#» ſhining, if there be 
taken 'T'wo Pajnts of Shadow of the rop of rhe 
Style S onthe ſaid Plane, as A and B,on that day 
when the Sw3s Declination is 2x dep, 4.0 min. 


from 


3 
f 


«OI - Ne 
. * — 202 
Ve. / 


FT » 
from Þ the foot of the Style may beg y parts, and 
the Diſtance of the Point A from P may be PA 
366 parts, and that the Diſtance of the Point, 
Atrom B may be BA 415 parts. 


Now from theſe things given , it 1s required 
to find the ſituation of the Subſ?y er and Equino- 
&ial Lines , and to find the Center of the Dial on 
the ſaid Plane , and to determine the poſition. 
4 of the Axis of the Dial by Calculation, 


[The Geometrical Operation of this is to be 
found in the Sixth Chapter , page I6th of oy 
- Treatiſe, and in the 5th Figure] 


- Fiſtin the Right-angled Triangle S PB, 


+ Thereis given P S164 parts, the perpendi- 
cular height of the Style, and PB 55 parts the 
diſtance of the Point of Shadow B from P the 


foot of the Style; 


Tofind the Vertical Angle PSB, and the 
Hypotenuſe S B,whuch 1s ru length of the Ray 
of the Sun from the top of the _ S to the 
Point of Shadow B, 


The Twain isas 'S P_ 164 parts, 
Is to PB FF parts: 

Ss is the Radius, 

Ts the Tang. ofthe Angle PSB 18d. 26.0 


* 


[ 4 1 "en 
from P the foot of the Style may begy parts, and 
the Diſtance of the Point A from P may be P A 
366 parts, and that the Diſtance of the Point 
Atrom B may be BA 415 parts. 


Now from theſe things given , 1t 1s required 
to find the ſituation of the Subſtylar and Equine- 
Hial Lines , and to find the Center of the Dial on 
the ſaid Plane, and to determine the poſition. 


1 of the Axis of the Dial by Calcularion, 


[The Geontitricd Operation of this is to be 
found in the Sixth Chapter , page I6th of thay 
. Treatiſe, and1n the 51th Figure.] 


- Furſtin the Right-angled Triangle S PB, 


Theres given P S164 parts, the perpendi- 
cular height of the Style, and-PB 55 partsthe 
diſtance of the Point of Shadow B from P the 


foot of the Style; 


To find the Vettical Angle PSB, and the 
Hypotenuſe S B,which is the length of the Ray 
of the Sun from the top.of the Style S to. the 
Point of Shadow B, 


The Dvagmtaiin is 28'S P 164 parts, 
Is to PB FF parts: 

So; is the Radius, 

Ts the Tang. ofthe Angle PSB 18d, 22.0: 


m_ 


PC 


Is to PB 55 parts, 
| $0 18 the Sine of 9o deg. 
To SB173 parks 


'Secondly,In the Right-angled Triangle SP A, 
There 15-given the perpendicular PS 164, parts 
: And the Baſe PA-266 parts , 
| To find the Ver. ical Angle PSA and the Hypote- 
| muſe Sk. 

The Proportion i, As.S P 56a parts: 
-. Þto PA 366 parts, 
So is the Radius 


And asthe Sine of the Angle PSA 65 d. 52 ma; 
Is ro P A 366 parts, 

So is the-Sine of go degrees, 
To S&A,401 parts. 


\ Thirdly in the Obliquangular Triangle ſb. 
| There is given the two ſides ſb 172 partsand 


fd 100 parts,raken at pleaſure, and the contained 
Angle 4/b 68 deg. 20 min.' the Complement 
of the Suns, Declination, EOYHOS 


\ And: as the Sine of the Angle PSB 18d. 35 min .. 


To the Tangent « of the Angle PSA 65 d. 52m. 


—_— 


[4] 
To find the other two Angles { db and {bd 
and the third ſide db. 


From — my m—— —_ - o© min. 


Take the given Angle'd Fi b 68 


e———_— 


_— — 


 Andthere ſhall remain —— 111 11 deg. 40 min. 


p— CET 


"y - Ms. nd 


The half whereof is ——— «55 5 deg. 5o min. 


Then the greater ſide 1s ſb 173 parts, 
And the leſs fide i is + # 100 parts, 


Then as the Sumof the ſides 272 parts, 
Is to the difference of the'lides 79 parts : 

Sois the Tangent of 55 deg. 50 min. 
To the Tangent of 21 deg. 30 min. 


The Sum is ſd + Todex. 2O min, 
The Difference is ſb d 34,deg. 20 min. 


Then as the Sine of the Angle [bd 94.4. 20m. 


Iz to the Sine of the Angle i b 770 20 mM. 
$o 1s {d roo parts, 
. Tod 164. parts. 


 Fourthly,ln the ObliquangularTriangfe ſila 


There is given the two ſides ſa 401 parts, and 
{d 100 parts, and the contained Angle 4ſa, 


To 


oo RE TA. Pk. 


T 


ES F- 
'| To find the other two Angles /d a and {a 4, 
and the third {ide d3. 


| Then the greater {ice 1s / 4 401 parts, 

; And the leſs fide is = ſd 100 

| Then as the Sum of the ſides 501 

| Isto the Differenceot the ſides 301 

So 15 the 'Fangent of 55 deg. go man; - 
To the Tangent of 4.1 31 


EE ny 


The Angle [4 —— 97 21 
The Angle ſad = 14. 19 


Then as the Sineof the Angle ſad 14.d. 19m. 
[s to the Sine of the Angle af468 20 

So 1s {d 100 parts, 
Toda 376 parts, 


Fifthly,]n the Obliquangular Triangle BAT. 


There is given the Baſe B A 4t5 parts, andthe 
twoſides AT 376 parts,and B T 164, parts, 

To find the Segments of the Baſe Q A and OB, 
and the perpendicular O 'T. 5 


A3 The 


6] 


The greater ſide is A T 3796 parts, 
The leſs fide.-1s B T 164 parts. 
The Sum of the ſides — 540 parts 


* 


The Difference of the fides 2.12 


Therefore as the Baſe B A 415 parts, 
Is to the Sum of the ſides — 546 0 
* Sois thedifference of the' ſides BT 


_ To the difference of rhe Seg. of the Baſe 276 -i 

i IT a” Id 72 1. 4-2: 0 1 
Therefore- to: BA —— 41g parts 

Add — —— . 276 Ther \ 


The Sum is - &6g1 


The half Sumis AO— 3452. - 


And from B A 415 parts, : 
Subftract ——-—— 276 6:08 "SS SGETTRE = 


' The Differcnceis 139 
The half is ÞO'—-698.'« 


": 


62 
ft 


IE YI 


(51 


i Theſide BT is 164. parts, 


And BO: — 69} 


The Sum is 233 2zparts, Log. 2.367356 


TheDifferenceis 95 parts, Log 


« 1:977724. 


EEE pa—_—_— — OO ——————__—__ 


Sum Log. 4.345080 
Half Sum Log. 2.1 72540 


Log. f OT 149 parts. 


Sixthly,In the Obliquangular Triangle BPA, 


There Is given the Baſe BA 415 parts, ang 


the two ſides PA 366 patrs and P. 


parts, 


Ts find Bxand Ax the Segments of the Baſe 


and the perpendicular P x, 
The greater fideP A 366 parts, 


Theleſs fide PB —— 55 


- Their Sumis —— 42T. 


Their Difference is31 k 


Therefore as the BaſeB A 415 parts, 
Is to the Sum of ,the {ides 4.21 parts: 
So is the difference of the {ides 31x 


To ——_m—_— — 


B 4 


Therey 


6 Wi _ 


Therefore to BA ——>— 415 parts 


"Pl 


| The isthe greater Segment Av, 36 - 


And from BA — — — 4IF parts 
_- Subſtrach xp nrcn— 357 
_ The Difference is ——— 100 


The is the lefs Segment B x =— 50 


The leſs fade BY 55 

The Segment Bx 50 

The Sum is — 105 Log. 2.021189 
The difference is' 5 Log, 0.698970 


The Sum of the Log. * ps 2.726159. 


' The; Sum is the Log, of P x 23, 2.360079; 


BO 69 parts 
B x 50 


Ox 19 


| Seventh- 


\ ls a. 


—— ww _" ww 
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 Seventhly,In the Right-avgled Triangle Þ Gl, 


There 1s given the Hypotenuſe PI nxeosg 
parts, and the {ide P G 19 parts, 


To find the ſide GI. 


The greater fide PI 100 parts 

The. leſs fide P G 1g 
Their Sum —— 319 parts,Log. 2.075547 
Their difference 81 parts,Log. 1.903485 


th. art. A os 


The 7 Sum is the Log.of Gl g8 parts, 1.9 92.016 


Eightly,In the Right-angled Triangle K G O, 


There is given KG 164 parts and OG 2 3parts, 
To find the Angle GK G, ard the tide OK. 


The Proportion is as GK 164, parts, 

Is to GO 23 parts: 
| Sq is the Radus, © 
'Fothe Tangent of the Angle GK O 7d. 59 m. 


AnJl 


[ 10 ] 


And asthe Sine of 7 deg. 59 min. 
IstoGO 22 parts: | 
So is the Radius, 
To OK 166 parts. 


Niathly, In the Obliquangular Trian gle ORD, | 
There is given the Baſe OK 166 parts, and 

OD 149 parts, equalto-the-Radius of the Se- 

micircle LD'T and KD g$Sparte, 
Tofind the Angle O KD. 


OD 14.9 parts 
KD. 98 parts 


Their - Sum 247 
Their Difference5 1 


Then as the Baſe OK 166 parts 


Is to the Sum —- 24.7 
To - — — 76 


Therefore 


Add 76 


The Sum is 242 


PREP 
© The ;SumisO 7 121 


> And from OK 16 
| Subſtrac 


|. Thenas DK 98 
Is to Ky 45 


The Complement is the An 


Remains the Angle DK z 


[ 14 7 
Therefore to OK 166 parts 


*, Ae. ol Ry 7 5 . 
| * 


The difference is =— go 
. The; diiference is: K'9 45 © 05 6? RY 


So 1s the Sine of go degrees, 
To the Sine of che AngleKDy 27d. 20m; . 
ngle DRy 62 40 . 
Subtract the Angle GRO —— 7 59g 


6 parts 


SG: 


54 41 


Tenthly , 


44 AL —_——_— CO —— _ 


[ 12 ] 
Tenthly, Inthe Right-anglei Trizngle DR FR. 


There is given the Hypotenuie DK 98 parts 
and the Angle DRz 54 degrees 41 minutes, 


To find the perpendicular Dz and the Baſe 
_- | 
| For as theSine of Dz K go deg. 
Is to the Hypotenuſe DK 98 parts | 
So isthe Sine of theAngle DK z 544.41 m. 


To the perpendicular Dz 57 parts. 


 Eleventhly , In the Right-angled Triangle 
PGQ, | | 


There is given the Baſe PG Ig parts, 
And the perpendicular GQ_$0 parts, 

To find the Hypotenuſe P QJ. _ 

The proportion is as GQ._$o parts, 
IstoPG 19 parts: 

So is the Radius, 


 Tothe Tangent of the Angle P G Q 13 deg. 


20 min; 


And 


And as the Sine of the Angle P QG 139,20 m, 
Is ro P G 19 parts: 
' $o is the Sine of go degrees, 


To PQ 8: parts. 


Then from NP 164 
Take —  N7T 57 


ed 
Remaint———r P 107 


Twelfthly, To find P C; 


There 1s mom” 57, and 7 M Fu and 
NP 164 The Propertion is, 


As N r 57 
Is to r M 82 | 2 
So is NP x64. Ys | 


ToP C — 236 


- L L - 4 « - on” CS 
> WF» EC es > -/ FR ; a? i - + + "i 
” £ & ei” te bi FR, - P.-2 ” TY 
"I * ” 
I 4. . 


Laſtly, TofindP E, 


The Proportion 18, As PC 236 
| Is re PN 164 
Sois PN 164 

To PE 114 


Now if the Plane of the*® Dial be 
on an upright Wall ,: the Meridian 
Line may - be found as in the 13th 
Chapter of the Firit Part, Figure 14th, 
and the Hours may be ſet on the 
EquinoCial Line by the Firſt Chapter 
of the Second Part, Fig. 21. 


And Six Hours being given, the 
reſt may be found .bvy the Third Chap- 
ter of the Second Parr. 


4; Or Four Hours and the Equino- 
| Qtial Line being given, the reſt may 
| be. 
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OT5” 
be found wy the Ninth Chapter of 
the Second Part. 


And then the Dial may be drawn 
as in the 25th Figure, 


